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ABSTRACT




The continued occurrence of outbreaks of paralytic shellfish 
poisoning (PSP) along the New England coast has generated much research 
directed towards isolation, characterization and quantitation of the 
toxins produced by Gonyaulax tamarensis. The implication that the fresh­
water blue-green algal blooms of Aphanizomenon flos-aquae contain 
similar toxins has suggested a close molecular similarity between the 
A. flos-aquae toxins and £. tamarensis toxins.
The major objective of this study was to develop a rapid, 
sensitive method for determining shellfish toxin content in clams,
Mya arenaria, and mussels, Mytilus edulis, and to devise methods 
applicable for toxin detection in A. flos-aquae and in crabs,
Cancer irroratus.
Fluorometric techniques for detection of saxitoxin (STX) on 
thin-layer chromatography were shown to be more specific and 100 times 
more sensitive than many of the guanidine colorimetric reactions on thin- 
layer chromatography. The oxidation of STX with alkaline hydrogen 
peroxide followed by acidification produced a solution fluorophor with an 
excitation of 332 nm and an emission of 381 nm. The solution fluorometric 
assay quantitated as little as 0.005 to 0.01 yg STX. Reaction pH,
xii
temperature, time, and hydrogen peroxide concentration, as well as 
exposure to external light and various ions, purines, and proteins had 
an effect on the fluorescence intensity of the STX fluorophor.
The application of the solution fluorometric procedure to shell­
fish extracts enabled quantitations of toxin contents that corresponded 
with the mouse bioassay to within * 20%. In addition, the solution 
fluorometric method was able to detect levels of toxicity less than the 
lower limit for the mouse bioassay, 40 pg STX/ 100 g meat.
Pigment inferference was reduced by the development of a column 
fluorometric procedure. The STX fluorophor was applied to a strong 
cation exchange column and the fluorescence intensity of the eluted 
peaks used to establish a STX-fluorescence peak height response curve 
that had a sensitivity of 0.02 yg STX. The column fluorometric procedure 
applied to crab extracts was able to detect toxin content in levels 
comparable in accuracy to the mouse bioassay and with greater sensitivity. 
The procedure was also applicable to clam, mussel, and lobster extracts.
The alkaline hydrogen peroxide oxidation of A. flos-aquae extracts 
produced a fluorophor with 330 nm excitation and 380 nm emission maxima.
The temperature-time profile of the Aphanizomenon fluorophor indicated 
that it showed a greater temperature sensitivity than the STX fluorophor. 
The pigmentation present in the solution fluorometric assay produced 
varied results that did not correlate consistently with the mouse bioassay. 
The Aphanizomenon toxin fluorophor applied to and eluted from the strong 
cation exchange column showed a behavior similar to the STX fluorophor.
The application of the column fluorometric procedure to the quantitation of 




A. Paralytic Shellfish Poisoning
Toxins associated with marine natural products have been among 
the most interesting and potentially useful compounds studied. Of those 
attracting considerable attention have been the toxins of the phytoplankton 
blooms. Paralytic shellfish poisoning (PSP) has been well documented to 
include human fatalities from as early as 1689 (1). One of the first 
reported cases of PSP in Canada was found in the diary of a naturalist- 
surgeon to Captain George Vancouver's Expedition. The particular 1793 
entry alluded to the death of one of the expedition members being caused 
by the consumption of poisonous mussels (2). The sporadic and sudden 
toxification of shellfish, generally in areas 30° or more north or south 
latitude (3), led to the suspicion that the toxin was concentrated by 
passage through the marine food chain.
Various speculations as to the origin of the poisonous shellfish 
substance were proposed. These included such possibilities as the 
accumulation of copper salts in the shellfish, the putrefaction in shell­
fish at various times of the year (particularly during the warm summer 
months), and the contamination of the surrounding water (4). The first 
demonstration that established a definite relationship between the 
occurrence of shellfish poison and the abundance of a dinoflagellate came 
in 1937 (5, 6). Studying the blooms along the Pacific Coast of North 
America, researchers ascertained that the toxicity of the California 
mussel was directly related to the concentration of Gonyaulax catenella 
in the water surrounding the shellfish beds. Furthermore, the experimen­
1
2tation demonstrated that non-toxic mussels could become toxic if exposed 
to water containing the dinoflagellate and that the aqueous extract of 
the dinoflagellate could produce effects in mice similar to PSP. Axenic 
culturing of Gonyaulax catenella supported the idea that the poison 
was due to a metabolic product of the organism and not the result of a 
symbiotic effect of bacteria growing with it (7). Similarly, other 
areas affected by PSP outbreaks have implicated marine dinoflagellates, 
almost exclusively of the genus Gonyaulax. For example, a seasonal 
rise in shellfish toxicity has paralleled a rise in Gonyaulax tamarensis 
in the Bay of Fundy (8, 9, 10), Gonyaulax acatenella along the British 
Columbian Coast (11), and Pyrodinium phoneus in Belgian estuaries and 
inner harbors (12).
As a group, dinoflagellates comprise an important part of the 
marine plankton and can be found in both fresh and salt waters. The 
nutrition of the dinoflagellates varies from those that synthesize 
holophytically by utilizing photosynthetic pigments to those that feed 
holozoically by consuming other dinoflagellates, diatoms, or flagellates 
(13). Although high concentrations of inorganic nutrients such as 
nitrogen and phosphorus are not required, certain complex organic compounds 
may be required for the growth and reproduction of some dinoflagellates, 
regardless of nutrition type. These include thiamine, biotin, B ^  (11) 
as well as humic and fulvic acids (2). The term "plant-animals" has 
been suggested for the dinoflagellates as they possess both plant and 
animal attributes.
The dinoflagellates of particular importance along the northeast 
coast of North America, and also found on the northeast English shore, 
has been shown to be Gonyaulax tamarensis var. excavata ( 14).
This golden-green to golden-brown armored dinoflagellate with about 
twenty plates has a spherical shape with a 40 to 60 y diameter and 
well-marked equatorial girdles. The rotating motion characteristic of 
the dinoflagellate is accomplished by the two flagella that protrude 
from the middle of its body. The smooth enclosing outer theca may be 
shed upon exposure either to a strong chemical or to an abrupt temp­
erature change. When disturbed, a luminescent blue-green is observed 
which probably has served as a protective mechanism for the species (2) . 
Population growth is propagated by exponential, asexual fission 
producing the observed "duplets" of the early growth phase. The 
seasonal distribution as well as the abundance of the dinoflagellates 
is affected by the combination of temperature, salinity, illumination, 
pH, nutrient, and current conditions (11).
Under certain environmental conditions, "explosive multiplication", 
a blooming, of the dinoflagellate population has occurred. The 
ecological, hydrographical, and meteorological factors leading to the 
bloom have been investigated and factors such as a surface water 
temperature of more than 10°C (9), salinity of 31.3% (14), river 
discharge, sewage contamination (15), turbulence (16), and sunshine (17) 
have been implicated with Gl. tamarensis blooms in the Bay of Fundy.
Other dinoflagellate blooms have been studied to decipher the complex 
interactions of physical, biological,and chemical factors leading to 
the bloom which usually peaks within two to three weeks and vanishes 
within another week. Work on Gonyaulax polyedra Stein, along the 
southern California coast, showed that the dinoflagellate had less 
light-dark variations in nitrate assimilation, greater stability of 
nitrate assimilating enzymes, and a greater ability to migrate into
4nitrate-rich surface waters at night than coastal diatoms. Such factors 
might give the dinoflagellate a competitive advantage over the coastal 
diatoms during the upwelling season which is characteristic of blooms (18). 
Conversely, the disappearance of the bloom has implicated various species 
of the ciliate Favella, which have been shown to selectively feed on the 
dinoflagellate in the planktonic growth (10). Under adverse environmental 
conditions, come dinoflagellates have encysted, settled out, and 
remained dormant in the water, The encysting appears to have aided in 
the migration, dispersal, and future blooming of the organism.
The condition we have come to refer to as the "red tide: has 
occurred during the periods when populations as abundant as 50,000 
cells per ml of water have been noted (11). Concentrations greater 
than 20,000 cells per ml water could cause the surrounding water to 
appear red, yellow, orange, or green, depending on the activities of the 
species of dinoflagellate in bloom. PSP was associated with this phyto­
plankton bloom condition as it was estimated that 200 or more (J. catenella 
cells per ml water caused a toxic reaction when injected i.p. into mice (3). 
G. tamarensis was shown to have a higher poison content per cell than the 
above-mentioned species, and the toxicity relationship recorded is J3. 
tamarensis > CJ. catenella > G. acatenella (9). The poison of the blooming 
condition could be accumulated in any kind of animal feeding on the 
dinoflagellates. However, molluscs have been the organism implicated 
for poison storage.
The rate at which the shellfish accumulate, by direct ingestion 
or secondary consumption, or lose the poison depends on both the 
concentration of the dinoflagellate in the surrounding water and the 
filtering efficiency of the shellfish. The blue mussel, Mytilus edulis,
5filters about 19 1 water per feeding (an average mussel filters 38 1 
sea water per day) (15) and as a rule has a higher poison content than 
the soft-shell clam, Mya arenaria. The bar clam, Spisula solidissima, 
has contained poison in amounts five to ten times more than the above- 
mentioned species (10) . The anatomical area of poison storage varies 
with shellfish species. The mussels bind 95% or more of the poison 
in the hepatopanereas and destroy or release the poison soon after 
the bloom subsides- (15). The soft-shell clam concentrates the poison 
quite rapidly with the majority being found in the digestive gland 
during the summer months and the amount decreasing in autumn. In these 
clams, the amount of poison in the secondary sites, gills, and gonads, 
remains relatively constant, indicating that the digestive gland loses the 
poison more rapidly than the gills (12). Similarly, the scallop, Pecten 
grandis, accumulates poison in the digestive gland and rims (4). The 
Alaska butter clam, Saxidomus giganteus, seems to be an anomaly to the 
trend in that instead of releasing the poison within a few weeks after 
concentration, the poison is translocated from the hepatopancreas to the 
siphon, gill, and mantle, with the siphon alone containing 50 to 75% of 
the total poison. The distribution of the poison in the siphon was not 
uniform but showed a decreasing concentration from the distal black tips 
to the proximal portion of the siphon, areas corresponding to melanin 
pigmentation (20) and the poison can be retained here for at least two 
years (3). The PSP-melanin interaction has been hypothesized to afford 
the butter clam with a binding mechanism by which the nervous system 
may be protected from exposure to circulating levels of poison (21).
The poison accumulation-loss patterns mentioned here are not constant 
as seasonal, area, and individual variations have occurred.
6Other shellfish are able to concentrate the poison and it has 
been suggested that a relationship exists between the resistance of 
the organism and its ability to accumulate poison. For example, the 
oyster, Crassostrea virginica, is sensitive to the poison and concen­
trates it in very low levels (22) . Various species of crabs have been 
shown to accumulate the poison- from early studies on the common sand 
crab (23) to recent studies demonstrating the localized distribution of 
poison in the exoskeleton and appendage muscles of numerous mud crab 
species in the Ryukyu and Amani Islands of Japan (24, 25, 26). In spite 
of the varying shellfish sensitivity to poison accumulation, any cases of 
shellfish death have been attributed to physiological smothering rather 
than to any chemical reaction due to poison concentration (27).
As attention is focused on the use of more products from the sea 
for human and animal consumption, the concern over the passage of the poison 
further along the food chain is apparent. PSP in humans is a severe form 
of food poisoning (lethal dose of 9 yg/ kg), one of the few natural non­
protein toxins approaching botulinum in toxicity (lethal dose 0.00003 yg/ 
kg) (1). Symptoms of poisoning may appear within 5 to 30 min after ingestion 
of poisonous shellfish, beginning with a tingling sensation around the 
mouth and progressing to the fingers and toes. Numbness follows, spreading 
from the mouth and extremities. Severe cases are characterized by dizzi­
ness, a feeling of lightness, and muscular weakness. Incoherence of speech, 
throat constrictions, muscular pain, prostration, headache, salivation, 
accelerated pulse to 80 to 100 per min, and intense thirst are other 
characteristic symptoms (3). The Atlantic Coast poisonings shown 
additional gastrointestinal symptoms of nausea, vomiting, diarrhea, and 
abdominal pain (28). Death due to cardiovascular collapse and respiratory
7failure generally occurs within 2 to 12 h (3). The prognosis for 
successful recovery with no lasting effects is good if the patient 
survives for 24 h. Pumping of the stomach is not enough to prevent 
absorption of a fatal dose, but successful treatment has been accomplished 
with artificial respiration.
]}. Character iz at ion of PSP
As the first recorded cases of PSP dated back to the latter 17th 
century, the development of procedures for isolating the shellfish toxins 
have dated almost equally as far. Compilation of the PSP research 
commencing with the isolation procedure developed by 1885 have illustrated 
the methodologies leading to present isolation and purification methods 
necessary to obtain the pure toxic samples used for the chemical, 
physical, and pharmacological characterization of the shellfish toxins 
(12, 29).
The 1885 purification attempts of Salkowski progressed to Brieger's 
1886 isolation of "mytilotoxin", a gold salt of the mussel toxin (29, 30). 
The bulk of the isolation and purification following this had been 
carried out with poisonings associated with the jj. catenella blooms 
of 1927 along the California Coast. Using poisonous mussels, Mtiller 
identified the gold salt, mytilotoxin, as a non-toxic base of PSP.
Muller’s isolation procedure using ion exchanges and absorbants suggested 
that the toxin was a strong base (31). Further isolation procedures 
were investigated in order to separate the toxin from contaminating 
inorganic impurities and soluble salts (32, 33, 34, 35). These 
methodologies could be used, as demonstrated by Riegel et al., to 
isolate a toxic preparation directly from G. catenella present in
8the bloom waters (36).
In 1957, Schantz and co-workers presented a procedure that 
isolated toxin from poisonous clam and mussel tissues in yields of 50% 
or better. This method involved tissue extraction with acidified 
ethanol, cation exchange fractionation on both the Amberlite carboxylic 
acid resins IRC-50 and XE-64, followed by chromatography on acid- 
washed alumina (37). The purity of the toxins, extracted by the above 
procedure from the siphon of Saxidomus giganteus and the hepatopancreas 
of Mytilus califomianus, was further established by the behavior of 
these toxic extracts and their dihydro derivatives upon countercurrent 
distribution in the Craig apparatus (38). Evidence supporting the 
purity consisted of the preparation of biologically identical material 
by several diverse procedures and the absence of impurities known to be 
present in the crude extracts, such as taurine, tyrosine, betaine, 
choline, and homarine (38, 35) as well as arginine (39).
The greatest problem in purification was the separation of the 
toxin from a series of closely related non-toxic basic substances.
Early purification procedures involved filtration through active charcoal 
(32), and later purification of the isolated dihydrochloride product 
by descending paper chromatography (40), heavy paper chromatography (41), 
and paper electrophoresis (42). These proved valuable for obtaining the 
toxin in high purity with a 70 to 90% recovery. However, these 
chromatographic techniques proved impractical when applied to large 
scale purification schemes. The purest preparation by the Schantz 
procedure had an activity of 5500 i 500 mouse units/ mg by the bioassay 
method of Sommer and Meyer (to be discussed later) (5) and a specific 
rotation of + 130° - 5°. Reasonable proof that the toxins were not
9altered during isolation included: (a) no change in the general symptoms
observed in mice, (b) a total recovery of units in all fraction that 
checked with the total original units, and (c) the same diffusion 
coefficient of 4.9 x 10”® c m s e c  for both the purified and crude 
samples (4). These observations for products Schantz et al. extracted 
with and without acidified alcohol dispelled the questions that Hashimoto 
et al. raised in 1950 concerning the possibility that acid alcohol 
extracts produced an esterification of certain bases which resulted in 
the formation of a toxin during isolation (43). Modifications of this 
established procedure were then used to extract the toxin from axenic 
cultures of (5. catenella (7, 44, 45) and to show that the biological, 
chemical, and physical properties of these extracts were identical to 
those of the clam and mussel poisons (4, 7, 11, 37, 38, 44, 46, 47).
This suggested that the toxin concentrated in the shellfish was of the 
same chemical structure as the toxin produced by the dinoflagellate.
The name saxitoxin (STX) has been given to this toxin obtained from 
these poisonous sources (48).
The white, hygroscopic, purified STX is very soluble in water, 
soluble to some extent in methanol and ethanol, but insoluble in all 
lipid solvents. Studies on the stability of STX under conditions of 
temperature and pH have shown that detoxification occurs with increasing 
pH and temperature (34). Some of the properties of STX extracted from 
GS. catenella are summarized in Table 1 (4, 12, 38, 44). The elemental 
analysis and diffusion coefficient suggested a molecular weight of 300 
to 400. Titration indicated two basic titratable groups present in 
equivalent amounts and a calculated molecular weight of 386. Since 
the titration was performed on a dihydrochloride salt, allowances for
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TABLE 1.
Properties of STX from Cultured G. catenella
Property G. catenella Poison
Bloassay (MU/ mg) 5100
Specific Optical Rotation + 128°
pKa 8.2; 11.5















chlorine and oxygen content suggested the molecular formula 
^10^17N7®4 ^HCl with a molecular weight of 372 (44). The noncrystalline, 
polar, nonvolatile characteristics of STX hampered attempts at structure 
determination and resulted in varied suggestions as to the STX chemical 
structure. Methylation studies ruled out the possibility of a 
quaternary ammonium compound and the negative Sakaguchi suggested no 
free guanidinium groups. Reduction of STX, one mole hydrogen gas 
consumed per mole poison, yielded a dihydroderivative with 95 to 100% 
loss in toxicity. Oxidation in alkaline solution likewise resulted in 
a toxicity reduction that was directly proportional to oxygen uptake.
In addition, once reduced, STX would take up no oxygen. These 
oxidation-reduction experiments suggested that toxicity was dependent 
on an unsaturated bond that was susceptible to reduction and oxidation. 
Because reduction did not change the optical rotation, it was assumed 
that the unsaturated bond was not involved in the structure at the 
optical center (46) .
Extensive chemical work such as the above and spectroscopic 
work suggested the varied ring structures appearing in the literature 
(49, 50, 51). X-ray analysis both of the crystalline ethyl hemiketal 
dihydrochloride derivative (52) and the p-bromobenzene-sulfonate 
derivative (53) of STX led to the STX structure, a_, shown in Figure 1.
The structure shows STX as a 3,4,6-trialkyl tetrahydropurine containing 
two substituted guanidine groups.
Considerably less research has been concerned with the toxins 
associated with the G. tamarensis red tide. These blooms are considered 
a larger problem than the J^. catenella red tides because they cover a 
greater geographical area and occur more frequently. Increased interest
y^ oN
a R = H Saxitoxin
R = a-OH Gonyautoxin II
c R = 0-OH Gonyautoxin III
Figure 1. Structures of STX and STX Derivatives
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developed after the dinoflagellate bloom of 1972 that resulted in PSP 
in Massachusetts, New Hampshire, and southern Maine. Extraction of 
toxins from scallops intoxicated during earlier blooms in the Bay of 
Fundy as well as from axenic cultures of G. tamarensis by the ion 
exchange procedures previously described, proved unsuccessful as the 
bulk of the toxic material was not retained by the weak cation resins 
(4, 8, 10, 55, 55). Two toxic substances, the minor and major components 
purified to specific toxicities of 5100 MU/ mg and 270 MU/ mg, respectively, 
were found in toxic shellfish feeding on £. tamarensis. The minor 
toxic component appeared to resemble the biological and chromatographic 
behavior of STX whereas the major toxic fraction was weakly bound to the 
carboxylic acid resins and was eluted along with inert solids (57). These 
results suggested that although G. tamarensis produced a poison 
biologically similar to STX, the chemical structure was probably 
different from STX (58).
Recent experimentation to extract toxin from scallops collected 
and stored ten years showed that with modifications of the procedure for 
STX extraction the major toxic component was readily bound to the acid 
ion exchange resins and could be purified to a specific toxicity of 
5150 MU/ mg. Comparisons between the purified _G. tamarensis toxin and 
STX by thin-layer chromatography (TLC), quantitative potency in mice, 
and qualitative behavior of injected mice suggested that the two toxins 
were probably identical. These workers did not exclude the possibility 
that extracts from fresh scallops might have contained structurally 
different toxins consisting of a less basic precursor which broke down 
into STX upon storage (54).
The most recent literature concerning the G. tamarensis poison
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has Illustrated the heterogeneity of the poison. Buckley et al. 
described the isolation of two toxic fractions from soft-shell clams 
exposed to £. tamarensis blooms. These two fractions included the minor 
toxin, identified as STX, and the major toxin purified to a specific 
toxicity of 2800 MU/ mg and 2310 MU/ mg, respectively (59). Further 
characterization of the major toxin illustrated two chromatographically 
pure components, Major Toxin H (MaH) and Major Toxin L (MaL) purified 
to potencies of 1800 MU/ mg and 4200 MU/ mg, respectively. The chemical 
similarity between these two major fractions and their relation to STX 
was suggested by the values and fluorescent properties of their 
fluorescent derivatives and by the pH-temperature stability studies.
The pH-temperature studies showed that MaL was partially converted to 
MaH at pH 4.7, 16°C or 93°C and broke down yielding MaH and a small 
amount of STX at pH 8.2, 16°C. At pH 8.2, 93°C, both MaH and MaL were 
destroyed (60). The spectroscopic studies of Shimizu et al. also 
illustrated these similarities and elucidated the structures of MaH 
(Gonyautoxin II, GTX-II, or GTX2) and MaL (Gonyautoxin III, GTX-III, or 
GTXg) as illustrated in Figure 1 (61). STX, GTX£, and GTX3 constitute 
70% of the total toxicity of the Atlantic Coast PSP. Additional research 
has further illustrated the heterogeneity of the G. tamarensis toxins 
with the isolation of a total of seven toxins: STX, neosaxitoxin, GTX^,
GTX2, GTX3, GTX^, and GTX5. The inconsistent results obtained with
G. tamarensis toxins are attributed to their varied stabilities both in 
the shellfish and during the isolation procedures. Although the 
structures are not fully characterized, the Rf values, fluorescence 
coloration, and stability conditions have suggested that the toxins have 
similar chemical structures, probably sharing a common nucleus (62, 63).
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It Is not inconceivable, then, that such heterogeneities can 
extend to other sources that concentrate PSP. The pharmacological 
and chemical properties of the crab toxins are closely related to STX 
(64, 65) and various workers have isolated from four (66) to six (67) 
toxic components, depending on the species of Gonyaulax involved.
Research in the area of fresh-water, blue-green algal blooms have 
also implicated STX-related compounds. In particular, toxic blooms of 
Aphanizomenon flos-aquae in Kezar Lake, New Hampshire, were reported 
in 1968 (68). Jackim and Gentile reported the similarity of the toxic 
component with STX (69). Further investigations have reported the 
separation of STX and three toxins (Aphantoxins 1, 2, and 3) from 
A. flos-aquae and limited characterization of the toxins have indicated 
their partial molecular similarity to STX and the G. tamarensis toxins 
(70, 71). Thus, studies concerning STX could have a bearing on studies 
of toxic blue-green algal blooms.
Toxin Detection Methods
The unpredictable occurrence, both in timing and location of 
toxic shellfish has dictated the necessity of constant monitoring of 
shellfish from harvesting areas to ensure safe human consumption. The 
approaches to PSP detection have been pharmacological, biological, 
serological, and chemical.
Research illustrated that STX inhibited the development of 
action potentials in the electrically excitable nerve and skeletal 
muscle by specifically preventing the transient inward sodium conductance 
(72, 73). This inhibition has been useful in observing systemic toxic 
actions on neuromuscular, cardiovascular, and respiratory systems or in
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observing cellular toxic actions on isolated nerves (15, 74, 75). 
Quantitation of the STX action by voltage clamp experiments can yield 
parameters such as toxin maximum binding capacity, toxin equilibrium 
binding constant, and receptor-toxin half-life (76, 77, 78, 79 80) as
well as parameters that modify the STX action (81, 82, 83). In addition 
experimentation with the melanophore system of the killifish, Fundulus 
heteroclitus, has studied the shade changes, which are under nervous 
control, in response to different toxins (84, 85). Each of these 
pharmacological properties could illustrate the presence of a STX-like 
toxin or structure (86). Pharmacological systems have been useful for 
the finer membrane studies, and the development of a radioimmunoassay 
for STX, affinity chromatography, and affinity labelling of the toxin 
receptor have been proposed (86, 87, 88. 89). However, gross pharmaco­
logical properties could not serve as a rapid PSP detection or quantitation 
method as laboratory preparations for the pharmacological system would 
be extensive and time-consuming.
Biological detection of PSP has been widely used on a variety of 
test animals. The mouse test, or mouse bioassay, was first used by 
Sommer and Meyer in 1937 (5) and subsequently modified, using purified 
poison, to the present standardized procedure for detecting and measuring 
the poison in shellfish (90, 91). The mouse bioassay involves the 
intraperitoneal injection of 1 ml of acid-aqueous shellfish extract, pH
2.0 to 4.5,into mice and the notation of the time from injection to the 
last gasping breath. The mouse unit (MU) is the amount of toxin required 
to kill a 20 g mouse in 15 min and the dose in MU/ ml can be estimated 
from the tables of Sommer that relate the median death time, preferably 
5 to 7 min, for injected mice, weighing no more than 23 g, to mouse
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units (1). As the assay technique and strain of mice varied between 
laboratories, a conversion factor (CF) was necessary to determine the 
micrograms of poison that were equivalent to 1 MU. The score in MU can 
be converted to yg poison by multiplying the dose in MU by the CF and 
the toxicity of the shellfish is then reported as yg STX/ 100 g meat. 
Although the mouse bioassay is the preferred PSP quantitation method, 
the standard error of the mean is * 20% and the poison content of samples 
of low toxicity may be underestimated by as much as 60% (91). In the 
samples of low toxicity, the average difference between the known amount 
of toxin added and the mean assay value was greater than the error of 
the mean value because of the effect of salt which has been shown to 
reduce the recovery of added PSP by 45% (12), By making LD^q determin­
ations, which required more mice per score determination, higher results 
were obtained on low-toxicity shellfish but some poison content was still 
underestimated. Since the mouse bioassay was reproducible, though not 
strictly accurate at lower toxicity levels, it was believed that no harm 
would be done in quantitating PSP by the mouse bioassay as long as the 
effect of salt was recognized and an adequate margin of safety was 
provided (12). Therefore, a score of more than 80 yg STX/ 100 g meat 
was considered hazardous for human consumption and has resulted in the 
closing of shellfish beds. The mouse bioassay was shown to be nonspecific 
as other marine neurotoxins, such as tetrodotoxin (TTX), have produced 
similar paralytic symptoms in mice (22) , In addition, the necessity of 
a median death time of 5 to 7 min dictates that extractions from high- 
toxicity shellfish be diluted to achieve this death time. Such dilutions 
have served to multiply the error associated with the bioassay.
The inherent variability and lack of precision that accompanies
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mouse bioassay monitoring has resulted in attempts to replace the method 
with more sensitive, precise assays. Johnson and Mulberry investigated 
a serological assay using the haptenic properties of PSP conjugated to 
proteins by formaldehyde condensation. The chemically derived antigen 
for PSP could be adsorbed to tanned sheep blood cells for haemagglutin- 
ation inhibition tests or to bentonite particles for bentonite floccula­
tion inhibition tests. The results showed that PSP that remained 
undetected by the mouse bioassay was still serologically active. 
Haemagglutination inhibition was the more sensitive of the two serologic 
tests but the blood cell preparation was unstable. Although the 
bentonite preparation involved the more stable antigen, the sensitivity 
of the bentonite flocculation inhibition test was of the same order as 
that of the bioassay (93). Although serologic assays offered a PSP- 
specific test, the complex, time-consuming reagent preparation and 
test procedures rendered it unsuited for field testing.
Several chemical assays have evolved in the attempt to develop a 
field-applicable monitoring method. McFarren et al. proposed a color­
imetric determination of PSP based on a modified Jaffd test. The assay 
involved the absorption of the acid-aqueous poison extract to an 
Amberlite XE-64 ion exchange resin, elution of the poison, and quanti­
tation of the eluate toxin content by its reaction with picric acid 
(trinitrophenol) in alkaline solution (94). Among the problems 
associated with this colorimetric test were interfering substances, 
particularly histamine, the amount of which varied with the age and 
state of shellfish decomposition, as well as the considerable absorption 
of the picrate blank at the wavelength of maximum absorption. Once these 
problems could be circumvented, by the extraction of unreacted picric
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acid with 25% pyridine in ethyl acetate and the calculation of poison 
content by means of an equation using standard and interfering material 
measurements at two wavelengths (95), the chemical assay had a precision 
of ± 45.6 yg STX and gave higher, more accurate values than the mouse 
bioa^say for toxic levels 100 to 150 yg STX/ 100 g meat or higher. At 
the low levels of toxicity, the sensitivity of the colorimetric method 
was no better than the mouse bioassay. Thus, the lack of any added 
sensitivity at low-toxicity levels along with the time-consuming, complex 
nature of the chemical assay have hindered its use as a monitoring 
method.
Gershey £t al. have coupled a chromatographic clean-up of the 
crude shellfish extracts on Amberlite IRP-64 ion exchange resins and 
acid-washed alumina with a colorimetric chemical assay. The chemical 
assay employed the oxidation of STX with hydrogen peroxide under acidic 
conditions to yield 1.30 M guanidine hydrochloride per M STX, a yield 
of 65%. This oxidized product was then reacted with 2,3-butanedione 
in an assay mix also containing a-naphthol, ethanol, NaOH and 
monitored by absorbance at 550 nm (96). These workers have noted that 
the 2,3-butanedione assay is advantageous in terms of the ease of semi- 
quantitative interpretation of field results by visualization and compar­
ison to color standards. This would eliminate the need for scientific 
personnel and complex expensive equipment in PSP monitoring. The 
drawback for this chemical assay has been its need for some chromatogra­
phic clean-up of the crude extract, a procedure often time-consuming.
In addition, the minimum detectable concentration is comparable to the 
mouse bioassay, 40 yg STX/ 100 g meat.
Perhaps the most promising chemical assays, in terms of sensitivity
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and operation time, are those producing a fluorescent product which can 
be detected with a spectrofluorometer. Schantz first reported the 
formation of a fluorescent compound from STX in the presence of oxygen 
under alkaline conditions (54). The development of a chemical-fluores­
cent assay has been based on the oxidation reactions of the toxins with 
alkaline hydrogen peroxide shown in Figure 2. STX, _a, is oxidized to 
two propionic acid derivatives, one is 8-aminor,6-hydroxymethyl-2-imino- 
purine-3(2H)-propionic acid, _b, (49) and the other is the 8-hydroxy- 
purinyl propionic acid derivative, c^, (97). The aminopurinyl derivative 
forms ji upon acid isolation. The determination of the toxin content 
from the oxidation of STX, a, to the purine, b^ served as the basis of 
the Bates and Rapoport chemical assay (98). This chemical-fluorometric 
assay quantitated STX at a sensitivity 100 times that of the mouse 
bioassay and eliminated the bioassay discrepancies observed in low- 
toxicity samples by detecting added STX down to 0.004 yg STX/ g meat 
and demonstrating a minimum detectable concentration in shellfish of
0.15 yg STX/ 100 g meat. Subsequent modifications of the procedure 
have been proposed in order to increase the accuracy and reproducibility 
of the chemical assay and to facilitate its use for routine shellfish 
analyses (99). The method, designed for STX, depended on the absorption 
of the toxin to a weak cation exchange resin, an. absorption only weakly 
observed for the CJ. tamarensis Atlantic PSP.
Buckley et al. have extended the fluorometric method of Bates 
and Rapoport to the detection of G. tamarensis:toxins oh TLC plates 
sprayed with hydrogen peroxide solution and scanned with a TLC 
fluorometer (60). The method, although applicable to partially 
purified mixtures of £. tamarensis toxins was not applied to the routine
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analysis of crude shellfish samples.
Recently the construction of a continuous PSP toxin analyzer 
(lcPSP analyzer), utilizing the toxin oxidation reactions, has been 
described (97). The Atlantic Coast PSP toxins could be determined within 
15 min after the injection of a microliter amount of clam extract into 
a high pressure liquid chromatography system. This method utilized the 
fluorescent products formed at pH 10. The previously mentioned STX 
derivatives b_ and c^ were strongly fluorescent with an emission maximum 
of 450 nm. Gonyautoxin II, es, the a-hydroxyl derivative of STX, 
showed similar fluorescent properties due to products t_ and £  formed in 
the ratio of 3:1. Gonyautoxin III, the g-hydroxyl derivative, was not 
quantitated on the toxicity-fluorescence response curve, but the 
formation of a GTX2-GTX3 equilibrium in alkaline solutions (61) suggested 
that the dose-response curve of GTX3 was identical to GTX2 . The other 
gonyautoxin, GTXi, was found only in trace amounts as was neosaxitoxin, 
suggesting to the investigators a similarity in structure. Gonyautoxins 
IV and V, whose structures are unknown, gave varied responses. GTX4 
gave a lower response probably due to its high specific toxicity whereas 
GTX5 gave an enhanced response attributed to its low specific activity.
The method shows promise because of the sensitivity and resolution that 
are often coupled with both high pressure systems and fluorometric assays.
Fluorometric assays have also taken a different direction in 
monitoring PSP. Research is in progress to develop an airborne spectro- 
fluorometer (100). The technique suggests that direct measurement of 
tamarensis populations would yield information concerning the toxicity 
of the shellfish beds. In its initial stages, the system is based on 
the presence of accessory pigments, unique to dinoflagellates, that have
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an emission maximum at 640 nm when excited at 410 nm. At present, the 
detection limit for these algae is 6.0 x 10^ cells/ ml. The interferences 
that will arise when applied to an airborne spectrofluorometer have yet 
to be eliminated.
D. The Present Study
There was an electron in gold 
Who said, ’Shall I do as I'm told?
Shall I snuggle down tight 
With a brief flash of light 
Or be Auger outside in the cold?'
Arthur H. Snell 
"Fluorescent Yield"
The outbreaks of PSP on the Atlantic Coast have become of concern 
due to the public health problems associated with it and the subsequent 
closing of productive shellfish areas. The preventative action has 
created economic disaster for both the shellfish harvester and the 
seaside community. The present mouse bioassay monitoring system is 
slow, expensive, and inaccurate at low-toxicity levels. Spectrofluor- 
ometry has been demonstrated as a technique that is both a rapid and 
sensitive identifier of specific organic compounds which absorb light 
at one wavelength and re-emit light at another wavelength.
The present study undertook the application of fluorometric 
techniques,based on the reactions of Figure 2, to G. tamarensis toxins.
The power of a fluorescent assay in terms of detection and the development 
of a quantitative fluorometric assay has been investigated. The assay 
developed has been compared to other published fluorometric methods and 
has been modified to be applicable in other areas of PSP and STX- 
related experimentation.
II. MATERIALS AND METHODS
A. Sources of Toxins
JL. Reference Standards. The reference standard of purified shell­
fish poison (STX, 100 yg/ ml) was provided by Dr. E.J. Schantz. The
STX was stored in the freezer and diluted with distilled water or 0.1 N
HC1 prior to use.
The samples of Major Toxins L and H from Dr. L.J. Buckley were 
of varying concentrations and stored frozen. When necessary, dilutions 
with distilled water were made prior to use.
2_. Shellfish Extractions. The soft-shell clam, Mya arenaria, and
blue mussel, Mytilus edulis, were obtained fresh by site collection or 
by retail purchase. Frozen samples of the same species collected during 
the 1972 Central New England red tide were available whole or acid- 
extracted and thawed out prior to use.
Acid extracts of whole shellfish were prepared by homogenizing 
100 g shucked, drained shellfish meat with 100 ml 0.1 N HCl in a 
blendor (Osterizer Classic VIII). The homogenate was boiled gently 
5 min and allowed to cool to room temperature. Either 5.0 N HCl or 0.1 N 
NaOH was added to lower or raise, respectively, the pH to 4.0-4.5. The 
final volume was adjusted to 200 ml with distilled water. The supemate 
after centrifugation (2920 x g, head 211, International Clinical Centrifuge) 
provided the final acid extract used in subsequent experimentation.
The alcohol extracts were prepared by homogenizing 10 g shucked, 
drained shellfish meat with 100 ml alcohol (absolute methanol, 95%
25
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ethanol, n-propanol, or iso-propanol) and 1 ml cone HCl in the blendor. 
The homogenate was dentrifuged, 2920 x g, and the supemate concentrated 
to dryness in vacuo (BUchi Rotavapor-R). The residue was re-extracted 
with 10 ml of the same alcohol and the extract again concentrated to 
dryness. The final residue was taken up in 10 ml distilled ^0, adjusted 
to pH 4.0-4.5 with dilute, HCl, and used in further experimentation.
The crab, Cancer irroratus, and lobster, Homarus americanus, 
experiments utilized the acid extracts of the hepatopancreas and 
appendage muscle as well as water extracts of the shell prepared in the 
laboratory of Dr. J.J. Sasner, Jr., Department of Zoology.
3_. Algae Extractions. The blue-green alga, Aphanizomenon flos- 
aquae, had been collected in 1967 from Kezar Lake, New Hampshire and 
stored lyophilized in the freezer. An acid extract was prepared by 
thoroughly mixing 0.1 g lyophilized cells with 10 ml 0.1 N HCl, boiling 
5 min, and adjusting the cooled mixture to pH 4.0-4.5 as described 
above. After adjusting the volume to 20 ml with distilled ^0, the 
supemate was obtained by centrifugation (12350 x g, rotor SM-24, Sorvall 
RC2-B) for 10 min. Samples of alga frozen as a sludge, as well as the 
cultured alga, Chlorella pyrenoidosa (UNH strain), were dried in vacuo 
and the residues acid extracted in the same manner as described for the 
lyophilized cells.
B^. Mouse Bioassay
The mouse bioassay served as the standardized method to quantitate 
the toxin content of samples. The colony of mice, strain C57BL/6J 
(Jackson Laboratories), was maintained by the laboratory of Dr. J.J. 
Sasner, Jr.. Mice weighing approximately 20 g were injected IP with
1.0 ml of toxin extract diluted to produce survival times within 5 to 
7 min. The survival time was converted to mouse units by use of published 
tables (1) and the conversion factor, 0.22 yg STX/ MU for this laboratory 
strain of mice, used to yield the toxin content as yg STX/ 100 g meat 
for shellfish and yg STX/ g dry wt for the algae so that comparisons 
with the standardized method could be made.
£. Thin-Layer Chromatography (TLC)
_1. Sample Solutions. The standards saxitoxin and gonyautoxins 
were spotted at concentrations 10 yg and below. Shellfish extracts 
were applied in volumes 2 yl and above.
The following guanidine solutions were prepared 1 mg/ ml in 
distilled H^O: guanidine hydrochloride, methylguanidine, L-arginine
hydrochloride, glycocyamine, streptomycin sulfate, L-canavanine sulfate, 
aminoguanidine sulfate, creatine hydrate, argininosuccinic acid Ba salt, 
phospho-L-arginine Na salt, creatinine, phosphocreatine, and creatinine 
phosphate Na salt. Atrazine and guanine free base were made 1 mg/ ml 
in 1.0 M HCl and sulfaguanidine was 1 mg/ ml in 10% iso-propanol 
containing 1% cone HCl (101).
Other solutions used for TLC included resorcinol, salicylic acid, 
histamine dihydrochloride, L-tyrosine, serotonin, dopa, and dopamine, 
all 1 mg/ ml in ^ 0 , and aniline, 1 mg/ ml in 10% iso-propanol containing 
1% cone HCl.
Sample was applied at the origin 2 cm from the plate's lower 
edge. Application with either a 2 yl Lang-Levy pipette or 5 yl micro­
pipette and drying with a blower facilitated minimization of spot size
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2. Ascending Chromatographic System. Chromatography was carried 
out on 20 x 20 cm Silica Gel 60 precoated plates, 0.25 mm thickness, 
without fluorescent indicator (EM Reagents), The plates were stored in 
a desiccator, pre-run in the solvent system, and activated at 110°C for 
30 min just prior to use. Chromatograms were developed at room temp­
erature in unlined, covered, rectangular (inside dimensions 7.3 x 27.3 x 
25.6 cm) glass TLC chambers. 100 ml solvent (A) n-butanol: acetic acid: 
water (2 :1 :1 , v/v/v) or (B) pyridine: ethyl acetate: water: acetic acid 
(75:25:30:15, v/v/v/v) was adequate for development to a height of 15 cm 
from the origin. After air drying 1 h to overnight, the spots were 
visualized with one of the spray location reagents described below.
Rf values were calculated as:
R _ Distance from origin to spot center____
f Distance from origin to solvent front
Spray Location Reagents. Spots were visualized by one of the 
sprays described:
a. Hydrogen Peroxide (60). The chromatogram was sprayed with 
a fresh solution of 1% (v/v) H2O2 in water and immediately heated at 
110% for 30 min. Fluorescent spots were viewed under long wavelength 
UV (360 nm).
b_. Jaffa (102) . The chromatogram was first sprayed with 1%
(w/v) picric acid in 95% ethanol, dried, then sprayed with 5% (w/v) KOH 
in 95% ethanol. Orange spots on a yellow background are indicative of 
creatinine-like compounds.
c_. Benedict-Behre. The chromatogram was sprayed with 1% (w/v) 
3,5-dinitrobenzoic acid in 95% ethanol, dried, then sprayed with 5% (w/v)
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KOH in 95% ethanol.A purple or orange spot indicates a creatinine­
like compound.
jl. Sakaguchi (103). Two stock solutions were prepared: (a) 0.01%
(w/v) a-naphthol in 95% ethanol containing 5% (w/v) urea; (b) 100 ml
1.0 N NaOH containing 0.7 ml B^. Just prior to use, solution (a) was 
made 5% (w/v) in KOH. The chromatogram was first sprayed with this, 
then with solution (b). Mono-alkyl substituted guanidines yield a pink 
spot.
e. Diacetyl--a-naphthol (104). Two stock solutions were prepared:
(a) 20 ml 25% (w/v) a-naphthol in n-propanol added to 2.5 ml 1% (w/v) 
2,3-butanedione (diacetyl) in water and diluted to 100 ml with n-propanol;
(b) 5.0 N NaOH in water. Equal volumes of the two solutions were mixed 
prior to use. Pink or orange spots are indicative of the less highly 
substituted guanidines.
f_. Weber (FCNP, PCF) (105). Three stock solutions were
prepared: (a) 10% (w/v) NaOH in water; (b) 10% (w/v) sodium nitro-
prusside dihydrate in water; (c) 10% (w/v) potassium ferricyanide 
trihydrate in water. The spray solution was prepared by mixing 10 ml 
of each stock solution and diluting with 30 ml ^0. When the initial 
dark color had faded to light yellow or light green (after ca. 20 min), 
the spray was ready to use. Spots of variable color are indicative of 
aliphatic nitrogen compounds, their derivatives, and of creatine and 
creatinine.
j>. NBD-Chloride (106), The chromatogram was heated at 100 °C
for 15 min, then sprayed with a fresh 1% (w/v) solution of NBD-Cl
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(4-chloro-7-nitrobenzo-2-oxa-l,3-diazol) in methanol. The chromatogram 
was then sprayed heavily with 10% (w/v) NaHCOg, then heated at 110°C to 
increase the color, A positive reaction with free primary and secondary 
amines and thiols is indicated by blue or purple spots.
h. Fast Blue B (45). The chromatogram was sprayed with a 
freshly prepared 0.5% (w/v) aq. solution of Fast Blue B salt ZnCl£ 
complex (o-dianisidine, tetrazotized, 20% pure) followed by spraying with 
0.1 N NaOH. It was found that heating the plate after spraying inten­
sified the color reaction. Coupling of the spray reagent with phenols 
and amines produces a pink or orange spot.
1. Alcoholic Potassium Hydroxide (76). The chromatogram was 
sprayed with 5% (w/v) KOH in 95% ethanol and heated at 110°C for 10 min. 
The plate was viewed under long wavelength UV (360 nm) for fluorescence.
j_. Neutral Potassium Permanganate (102). The chromatogram was 
sprayed with 0.05% (w/v) KMnO^ in water. A brown spot indicates an 
easily oxidized substance.
k. Alkaline Potassium Permanganate (102). Two stock solutions 
were prepared: (a) 1% (w/v) KMnO^ in water; (b) 5% (w/v) Na2C0g.
Equal volumes of these were mixed prior to use and sprayed on the 
chromatogram. Reducing compounds give a positive reaction as shown by 
a brown spot.
1^. Silver Nitrate-Ammonium Hydroxide (102). Two stock solutions 
were prepared: (a) 0.1 N AgN03; (b) 5.0 N NH^OH. As required, (a) and
(b) were mixed 1:5 and sprayed on the chromatogram which was then heated 
5-10 min at 110°C to intensify the dark spots produced by reducing
substances.
m. Silver Nitrate-Potassium Permanganate (102). Solution (a) 
was prepared by mixing 0.1 N AgNOg, 2.0 N NH^OH, and 2.0 N NaOH, 1:1:2 
prior to use. Solution (b) was 0.5 g KMnO^ and 0.1 g ^£00^ in 100 ml 
H2O. The chromatogram was sprayed with an equal volume mixture of (a) 
and (b). Reducing substances immediately appear as light yellow spots 
on a green-blue background.
n, Tetrazolium Blue (102). Two stock solutions were prepared: 
(a) 6.0 N NaOH in water; (b) 0.5% (w/v) blue tetrazolium in methanol. 
Equal volumes of (a) and (b) were mixed prior to use. The appearance 
of violet spots at room temperature or with slight warming indicates 
compounds with reducing properties.
o^. Tungstophosphoric Acid (102). The chromatogram was sprayed 
with 20% (w/v) ethanolic tungstophosphoric acid and heated at 110°C. 
Colored spot formation indicates reducing compounds, lipids, sterols, 
and steriods.
£. Potassium Ferricyanide-Ferric Chloride (102). Equal volumes 
of 1% (w/v) K3Fe(CN)g in water and 2% (w/v) FeClg in water were mixed 
and sprayed onto the chromatogram. The reaction was intensified by 
spraying with 2.0 N HCl. Reducing compounds, phenols, amines give 
positive colored spots.
Molybdophosphoric Acid (102). The chromatogram was sprayed 
with 5% (w/v) ethanolic molybdophosphoric acid and heated at 110°C. A 
positive reaction indicates reducing compounds, lipids, sterols, and 
steroids.
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_r. Fluorescein-Ammonia (102). The chromatogram was sprayed 
with 0.005% (w/v) fluorescein in 0.5 N NH^OH and viewed under long and 
short wavelength UV (360 nm and 253.7 nm, respectively) for fluorescence 
produced by purines, pyrimidines, and barbiturates.
s_. Chlorine-Tolidine (102) . The chromatogram was placed in an 
atmosphere of chlorine prepared from an equal volume mixture of 1.5% 
(w/v) KMnO^ in water and 10% HCl. After chlorination for 15-20 min, 
excess chlorine was removed by allowing the plates to stand 5 min in 
the air. A corner of the chromatogram was sprayed with a solution 
prepared by diluting 160 mg o-tolidine in 30 ml acetic acid to 500 ml 
with water and adding 1.0 g KI. If no blue color appeared, the chlorine 
had been completely removed and full spraying was carried out. Blue 
spots are obtained for nitrogen-containing compounds which are converted 
into chloramines.
4. In-situ TLC-Fluorometry. The plates were spotted and developed 
in solvent system (B) as described in Section C.2. above. After air 
drying 1 h, the plates were sprayed for 30 sec with 1% H202 , heated at 
110°C for 30 min, and desiccated over CaCl2 for 1 h. The fluorescent 
spots were measured in situ with a Turner Model III Fluorometer equipped 
with a TLC Scanner door. The plates were scanned along the path of 
sample migration at the rate of 2.4 cm/ min and at the 10X or 30X 
sensitivity setting using the standard (110-850) general purpose lamp, 
a 7-60 narrow pass primary filter (350 nm peak) and a 47B narrow pass 
secondary filter (436 nm peak). The strip chart recorder (Perkin-Elmer, 
Coleman 165) registering the deflection due to fluorescence was 
operated at 10 mV and 20 mm/ min. The TLC behaviour of the fluorescent
derivatives was determined by spotting the plates, spraying the origin 
either with 1% H2O2 followed by heating at 110°C for 30 min or with 5.0, 
3.0, 1.0, or 0.5% (w/v) KOH in ethanol followed by heating at 110°C for 
10 min. The chromatogram was then developed, desiccated, and scanned 
in situ as above.
ID. Solution-Fluorometry
1_. Operation of MK-1. Solution fluorometry was carried out using 
a Farrand Spectrofluorometer MK-1. The instrument specifications are 
noted in Appendix I (107). All measurements used matched, square, 
fluorescence cells (Fisher), outside dimensions 12.5 x 12.5 x 45. mm, 
requiring minimum and maximum volumes of 1.0 ml and 4.0 ml, respectively. 
The power source was turned on 15 min before ignition of the Xenon lamp 
which was allowed to warm-up an additional 15 min before any fluorescent 
readings were attempted. Excitation and emission wavelengths were set 
by manually adjusting the proper monochromator. Fluorescence was read 
directly by adjusting the range sensitivity and noting the needle 
deflection on the microammeter scale. Excitation and emission wave­
length scans were carried out by setting one of the monochromators at a 
fixed wavelength, engaging the motor drive for the other monochromator, 
and setting the drive speed to 100 nm/ min. The attachment of a strip 
chart recorder (Sargent Welch XKR) operating at 100 mV and a chart speed 
of 1 cm/ min produced a synchronous scan of 100 nm/ cm.
Quinine Sulfate Calibration. In order to objectively describe 
the performance of the MK-1 Spectrofluorometer, modification of the 
procedures set down by the Subcommittee on Fluorescence Spectroscopy 
treated by the American Society for Testing and Materials) were carried
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out (108). These procedures evaluated the instrument in terms of wave­
length accuracy, linearity, and minimum detectable concentration.
a. Wavelength Calibration (109, 110, 111). In the absence of 
mercury emission lines, standards with known spectra can be used to test 
wavelength accuracy. A stock solution of 10^ p.p.m. quinine sulfate 
was prepared by dissolving 1.05 g quinine alkaloid in 100 ml 0.1 N 
H^SO^. Dilutions of the stock solution were made as needed. Excitation 
and fluorescence emission scans were made at various concentrations and 
comparison of these maxima to the literature values of 350 nm excitation 
and 450 nm fluorescence emission provided the correction factors applied 
to obtain a "corrected" spectra. By obtaining spectra at different slit 
width combinations, shifts in the fluorescence maximum due to slit size 
was measured. The effect of concentration on the spectral excitation 
and fluorescence maxima of quinine sulfate was investigated to determine 
the widest range within which these maxima were constant. The relative 
fluorescence was obtained by calculating the product of the fluorescence 
of a given sample at each wavelength and the reciprocal of the percent 
maximal response for the detector (IP28) at the same wavelength. The 
true fluorescence spectrum, and therefore true fluorescence maximum, 
could be obtained by plotting the relative fluorescence vs. wavelength.
b_. Overall Linearity. The fluorescence intensity at 450 nm of 
increasingly concentrated quinine samples excited at 350 nm was used to 
plot a linear calibration curve for the slit arrangement of 5-10 nm 
(exciter-emission monochromator slit widths, respectively). Deviations 
from a straight line provided the concentration limits of precision of 
the instrument. The lower limit of linearity was determined as the
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concentration that departed from a straight line by more than 2.5 times 
the minimum detectable concentration. The curve also provided the figure 
of merit for the quinine sulfate solution and the MK-1.
£. Minimum Detectable Concentration (m.d.c.). The root mean 
square noise (r.m.s. noise) was calculated as:
Peak-to-peak noise 
r.m.s. noise = ----------“ ----------
The peak-to-peak noise (in yamps) was determined by amplifying the
photomultiplier signal until the noise with pure solvent, 0.1 N K^SO^,
was large enough to be measured. At this amplification, the zero adjust
was set to bring the yamp needle deflection to slightly above zero on
the scale. The cuvette containing solvent was inserted into the sample
holder, measured for fluorescence intensity, and removed from the sample
holder for at least 10 . readings to estimate the peak-to-peak noise.
The solution of quinine sulfate was diluted until it could be read at
the same amplification setting and the difference between the test
solution and the pure solvent was between 10 and 100% full scale. The
minimum detectable concentration in p.p.b. was calculated from:
_ j _ _ Concentration (p.p.b.) test solution r.m.s.m.d.c. = ---------------  ---------  x .
yamps test solution - yamps solvent noise
_3. Saxitoxin Fluorescence. Dilutions of a stock solution of STX
were used to establish a STX fluorescence curve. Alkaline oxidation was 
carried out by mixing 2.0 ml STX solution with 2.0 ml 1.0 N NaOH and 0.6 ml 
1% H2O2 and incubating the mixture at room temperature for 40 min. The. 
final fluorescent product was made by the addition of 0.2 ml glacial 
acetic acid. Excitation, fluorescence, and absorbance (Beckman DB-G 
Grating Spectrophotometer) spectra were prepared for the fluorescent
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product. Fluorescence at 381 nm was measured for the samples excited 
at 332 nm. A blank, consisting of 0.6 ml distilled H2O in place of the 
H2O2, was subtracted from each sample value to obtain a standard curve 
for each slit arrangement.
The standard curve obtained by the above procedure was compared 
to that obtained for STX fluorescence by the modified procedure of Bates 
and Rapoport (98). 2.0 ml 0.5 M TCA (freshly diluted from 2.0 M TCA) 
was added to 2.0 ml STX solution and mixed with a glass rod. The mixture 
was heated to an internal temperature of 85-90° C for 10 min with mixing 
at 5 and 10 min. After cooling in an ice bath to 20° C, 10% NaOH was 
added with stirring until pH 5.0-5.5 (ca. 0.2 ml). The solution was 
centrifuged at 12,000 x g for 10 min and the supernate divided into 
two equal volumes into centrifuge tubes. 2.0 ml 1.2 N NaOH was added to 
both volumes and 0.05 ml 10% H2O2 was added to the sample tube while 
0.05 ml distilled ^ 0  was added to the blank tube. Each was centri-fuged 
at 1000 x g for 1 min and the supernates transferred to fluorescence 
cuvettes. 40 min after H2O2 addition, the solution was neutralized to 
pH 5.0 with glacial acetic acid (ca. 0.15 ml). The fluorescence at 
380 nm was measured for samples excited at 330 nm and a standard curve 
was made.
The application of the fluorometric method developed for tetrodo- 
toxin (TTX), a neurotoxin containing one guanidinium group, to STX was 
investigated (112). Alkali fluorescence was developed by incubating
1.0 ml STX solutions with 1.0 ml 1.5 N NaOH for 45 min at 80°C. After 
cooling to room temperature, excitation and fluorescence scans were 
carried out to determine the wavelength maxima needed to establish a 
standard curve.
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The fluorometric determination of agmatine (113), a monosubstituted 
guanidine, based on the condensation of agmatine and o-phthalaldehyde 
(OPT), was applied to STX. A 2.0 ml STX solution was mixed with 0.4 ml
1.0 N NaOH followed by mixing with 0.1 ml OPT reagent (10 mg/ ml in 
absolute methanol). After 10 min reaction time, excitation and fluor­
escence scans were carried out to establish wavelength maxima. A blank 
solution containing STX solution, 0.4 ml 1.0 N NaOH, and 0.1 ml absolute 
methanol was subtracted from sample readings to prepare a standard curve.
4. Application to Shellfish/Algae Extracts. The applicability of 
the fluorometric methods for which linear standard STX curves were obtain­
able to shellfish and algae extracts was investigated. In the application 
of the Bates and Rapoport method (Section D.3.), 2.0 g homogenized shell­
fish meat was substituted for the 2.0 ml STX solution and the procedure 
continued as outlined above. The hydrogen peroxide oxidation method, 
developed in this laboratory and described in Section D.3., used aliquots 
of HC1 or alcohol extracts (shellfish or algae) taken to 2.0 ml assay 
volume with distilled ^0. If a linear relationship between ml extract 
in assay and fluorescence intensity at 381 nm due to 332 nm excitation
was not observed, further 1:10 or 1:100 dilutions of the original
extract in distilled H2O were made and aliquots of this, taken to the
2.0 ml assay volume with distilled ^ 0 , were used in the oxidation
reaction. For each sample fluorescence reading, the fluorescence of a
blank containing the same amount of extract but distilled water in place 
of 1% was su^tracte *^ When linearity was established, the slope of
ml extract vs^ . gamps of sample minus blank was related to the standard 
STX curve to obtain gg STX/ ml extract. By accounting for any 
extract dilutions and the g shellfish meat/ ml extract or g dried algae
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cells/ ml extract, the toxin content was reported as pg STX/ 100 g 
meat for shellfish samples or as pg STX/ g dried cells for algae samples.
.5. Factors Affecting Assay. The two steps of the fluorometric 
method, (1) alkaline oxidation step and (2) acidification step, were 
analyzed separately by varying the conditions of one step while keeping 
the conditions of the other step the same as those for the development 
of the standard curve, above. In all experiments, 0.1 pg/ ml STX was 
used as the standard test solution in both sample and blank, the blank 
containing STX, agent being varied, and distilled 1^0 in place of H2O2.
The relative fluorescent yield was calculated on the basis of the 
standard procedure for the same amount of STX having a fluorescence 
intensity of 100.
a. Effect of Light. The step (1) reaction was exposed to light 
in the laboratory environment for the 40 min incubation time, acidified 
as in step (2), and exposed to irradiation from the Xenon excitation 
source for varying times before the fluorescence intensity at 381 nm was 
measured. An alternate experiment blocking out the laboratory light 
was carried out by covering the tube containing the step (1) reaction 
mixture with aluminum foil and continuing as described above.
Id. pH. Varying concentrations of 6 . 0 1? NaOH and dilutions of
1.0 N NaOH were used in step (1) to vary the pH of that step. Acidification 
to pH 4.05 as in the standard assay with dilutions of glacial acetic 
acid and adjustment of the final volume to 4.8 ml with distilled ^ 0 , 
adjusted to pH 4.05 with glacial acetic acid, yielded the fluorescent 
product which was measured. The effect of pH on the acidification step 
was studied by carrying through step (1) as in the standard procedure and
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acidifying to varying pH values with sulfuric acid, phosphoric acid, 
citric acid, or acetic acid. After adjustment to the final 4.8 ml 
volume, the fluorescence intensity was measured.
c^. Time and Reaction Temperature. The temperature dependence 
of fluorescence yield of STX was studied by determining the fluorescence 
intensity at different times after adding at 0°C, room temperature
(ca. 24°C), 60°C, or boiling water bath temperature (ca. 100°C). In 
each case, acidification was the same as in the standard procedure and 
the fluorescence intensity was measured at both the incubation temp­
erature (0, 24, 60, or 100°C) and room temperature (achieved after 
10 min equilibration). The same temperature and time course study was 
carried out with 0.5 ml extracts from both toxic and non-toxic A. flos- 
aquae extracts. The effect of temperature on step (2) was studied by 
carrying out step (1) at room temperature for 40 min, acidifying with 
glacial acetic acid adjusted to varying temperatures and equilibrating 
the final reaction product 5 min at the same temperature as the added 
acid before measuring the fluorescence intensity.
_d. ^ 0 2  Concentration. The concentration of the oxidizing 
agent was varied to measure the relative fluorescence yield obtained 
from addition of 0.6 ml of 0.1, 0.3, 3.0, 10.0, or 30.0% (v/v) aqueous 
H2O2 solutions.
Inorganic Salts. 1.0 ml of 1.0, 0.1, 0.06, 0.04, or 0.02% 
(w/v) aqueous solutions of certain anions (sodium, or potassium salts) 
and cations (chloride, sulfate, or nitrate salts) was added either 
during the alkaline oxidation step or after acidification. The relative 
fluorescence yield was calculated on the basis of the fluorescence
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Intensity of a reaction containing 1.0 ml distilled H2O in place of the 
salt solution.
_f. Purines and Proteins. 1.0 ml of 1.0, 0.1, 0.05, or 0.01% 
(w/v) aqueous solutions of adenine, guanine, bovine serum albumin, ribo- 
nuclease, trypsin, and pepsin was added either during step (1) or after 
completion of step (2) and the relative fluorescence yield calculated as 
described for the inorganic salts.
E. Column-Fluorometry
The separation of toxic and non-toxic components of extracts by 
various column chromatographic procedures was investigated.
JL. Amberlite IRC-50 C.P.. A Q.6 x 7.5 cm, 2.0 ml column (Pasteur 
pipette) was prepared from 3.0 g of Amberlite IRC-50 C.P. obtained dry 
in the hydrogen form (Mallinckrodt). The resin was converted to the 
sodium form by mixing 5.0 g batchwise with 1.0 N NaOH until the pH was 
greater than 10.0. The resin was then rinsed with distilled water 
until pH 8.0-8.5 was obtained and converted back to the hydrogen form 
by mixing batchwise with 1.0 M HC1 until the pH was less than 4.0. The 
resin was again rinsed with distilled water until the pH was greater 
than 5.0 and converted into the final sodium form by mixing batchwise 
with 1.0 N NaOH to pH greater than 10.0. After rinsing the final resin 
preparation with distilled water to pH 8.0-8.5, the resin was suspended 
in 0.2 M acetic acid (ca. 30 ml) and the pH adjusted to 5.0 with 1.0 M 
HC1. The column, equipped with a glass wool plug, was packed with the 
resin and equilibrated by washing with ca. 50 ml 0.2 M pH 5.0 sodium 
acetate buffer. The 4.8 ml fluorescent sample was applied and eluted.
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by gravity with 30 ml 0.2 M pH 5.0 sodium acetate buffer, 25 ml 
distilled water,, 4.0 ml 0.5 M acetic acid, and 4.0 ml 0.5 M HC1. The 
eluents were collected manually in volumes of 5.0, 5.0, 2.0, and 2.0 ml, 
respectively, and the fluorescence intensity measured.
_2. Bio-Rex 70. The Pasteur pipette column was packed with Bio-Rex 
70, 50-100 mesh resin (Bio-Rad). The resin was prepared by rinsing
5.0 g of resin with 50 ml 1.0 M HC1 followed by 50 ml 1.0 N NaOH.
After repeating the cycle three times, the resin was rinsed three times 
with 100 ml distilled water to pH 8.0-8.5. The resin was suspended in 
50 ml 0.2 M acetic acid and the pH adjusted to 5.0 with 0.1 M HC1. The 
column was packed and equilibrated with 50 ml 0..2 M pH 5.0 sodium acetate 
buffer at a flow rate determined by gravity (0.6 ml/ min). The 4.8 ml 
fluorescent sample was applied and the fluorescence intensity of the 
eluents, obtained as described in the previous Section E.I., measured.
3_. Dowex AG 50W-X4. Dowex AG 50W-X4, 200-400 mesh resin was 
obtained dry in the hydrogen form (Bio-Rad). The sodium form was 
prepared, packed, washed, and the 2.4 ml fluorescent sample eluted with 
50 ml 0.2 M pH 5.0 sodium acetate buffer and 24 ml distilled water in
5.0 and 2.0 ml volumes, respectively, followed by the acetic acid
and HC1 elutions as for the Amberlite IRC-50 C.P. column, Section E.I.. 
The use of a Buchler polystalic pump equipped with Manosil silicone 
rubber tubing, 1/16 in. I'.'D. and 1/32 in. wall, and a 22-25 G needle 
produced a flow rate of 1.5 ml/ min from the column. Equilibration of 
resin and collection of 5.0 ml fractions from elution with 50 ml 0.1 M 
pH 5.0 sodium acetate buffer prior to the elution described above, in 
this section, was carried out. Another variation included packing a
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0.7 x 4.0 cm, 1.5 ml polypropylene Econo-Column (Bio-Rad) plugged with 
glass wool.
A* Assay Protocol. Routine column fluorometric assay of STX, shell­
fish, or algae extracts was carried out by equilibrating the AG 50W-X4, 
sodium form, resin in 0.01 M pH 5.0 sodium acetate buffer, packing a 
Pasteur pipette, and equilibrating the column with 50 ml of the same 
buffer and checking both the pH and the conductivity of the incomming 
and outgoing buffer. The 2.0 ml sample was prepared by mixing 0.5 ml 
STX or extract with 0.5 ml 1.0 N NaOH and 0.15 ml 1% H2O2 (^0 for blank), 
incubating 40 min at room temperature, subsequently acidifying with 0.05 
ml glacial acetic acid, and bringing the volume to 2.0 ml with 0.01 M 
pH 5.0 sodium acetate buffer. After sample application, elution with 
30 ml 0.01 M pH 5.0 sodium acetate buffers 90 ml 0.05 M pH 5.0 sodium 
acetate buffer, and 25 ml 1.0 M HC1 into 5.0 ml fractions (100 drops with 
Gilson Micro Fractionator) was accomplished with a pump delivering the 
solvents to the column through a 22-25 G needle at a rate of 1.5 ml/ min. 
The fractions were monitored by measuring the fluorescence intensity at 
381 nm due to 332 nm excitation. The toxin content of extracts was 
calculated from peak heights by comparison of the sample elution profile 
minus the blank elution profile with that obtained from varying 
concentrations of STX carried through the same procedure.
Z • Other Purification Procedures
JL. TLC Methods. Chromatograms were prepared as described under 
TLC (Section C.) with the exception that different solvent systems were 
used in varying combinations to effect separation.
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a.. Preparatory Solvents. The chromatograms were developed to 
17 cm with (1) ethyl acetate: 95% ethanol (1:1, v/v), (2) 95% ethanol,
(3) ethyl acetate, (4) benzene, or (5) absolute methanol. After air 
drying 1 h to overnight, the plates were either sprayed with one of 
the location reagents or developed to 15 cm in pyridine solvent system 
(B), Section C.2., prior to spot location.
b_. Two Dimensional. The chromatograms were developed to 17 cm 
in (1) ethyl acetate: 95% ethanol (1:1, v/v), (2) 95% ethanol, or 
(5) absolute methanol. After air drying 1 h, the plates were rotated 
90° and developed in the second dimension to 15 cm in pyridine solvent 
system (B), Section C.2., prior to spot location.
2. Molecular Filtration. A Millipore molecular filter of 10,000 
molecular weight exclusion was rinsed with distilled water in the 
apparatus prior to use. 5 ml of shellfish or algae extracts or 5 ml 
A. flos-aquae, 1.0 mg, dried cells/ ml extract, in distilled water, 0.1 M 
pH 5.0 sodium acetate buffer, or 0.5 M pH 5.0 sodium acetate buffer, 
were centrifuged in a clinical centrifuge to remove particulate material. 
The supernate was placed in the Pyrex test tube containing the filter. 
Application of a vacuum served to pull compounds of less that 10,000 
molecular weight into the test tube collecting the filtrate. After 
rinsing the membrane twice with 5.0 ml 0.1 M pH 5.0 sodium acetate 
buffer, the filtrates were combined and concentrated in vacuo to 5.0 ml. 
The filtrate was assayed by solution fluorometry and/or mouse bioassay. 
After use, the filter was washed for 2 h in 1% (w/v) NaOH in water, rinsed 
with double distilled water and stored in 25% ethanol.
III. RESULTS AND DISCUSSION
A. Fluorometrlc vs. Colorimetric Detection
Sprays have been developed for the detection of guanidine compounds , 
with some of these sprays being used to indicate the type of substitution 
on the guanidine moiety (114). Since elucidation of the structures for 
STX, GTX-II, and GTX-III showed them to be guanidine derivatives (60,
61), the use of the guanidine sprays for detecting these poisons on TLC
was of interest. The reactions of the various guanidine compounds, tested 
at a maximum level of 10 pg, and the Gonyaulax toxins, tested at a
maximum level of 2 pg, with the various spray reagents after TLC in solvent
(A) are shorn in Table 2.
It had previously been reported that STX gave a positive reaction 
with Jaffe and Benedict-Behre sprays whereas a negative reaction was 
given by the Major Toxins L and H (59). At 2 pg, STX shows no reaction 
with Jaffd spray but still shows a reaction with Benedict-Behre spray 
at 0.5 pg. The reagents in these two sprays react most strongly with 
creatinine-like compounds (115, 116), the Jaffd color being due to 
complex formation between creatine, picric acid, and NaOH (117). The 
higher basicity of STX and its greater tendency for complex formation 
with picric acid or 3,5-dinitrobenzoic acid may account for the 
different reactivities of STX and Major Toxins with Jaffe and Benedict- 
Behre sprays, respectively. The increased sensitivity of the Benedict- 
Behre spray for STX, compared to Jaff£ reaction, is also shown with 
sulfaguanidine and creatine hydrate.
The Sakaguchi spray shows its greatest sensitivity with mono-
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TABLE 2.
Color Reactions and Sensitivity Limits of Guanidine Derivatives and 































G 0.47 - - - 10 10 ng 2 — — —
Monosubstituted
Methyl-G 0.48 - - 2 10 10 pk 2 10 - -
Arginine 0.22 - - 2 10 10 pk 0.1 2 - 2
Glycocyamine 0.44 - - 2 10 2 pk 0.5 - - -
Streptomycin 0.13 - - 2 10 10 pk 2 2 2 2
Sulfa-G 0.59 - 10 10 y 10 2 pk 0.5 0.5 2 0.1
Canavanine 0.22 - - 10 pr 0.5 0.1 pr 0.1 0.5 - 2
Amino-G 0.45 - - - - 10 pr 10 10 - 10
Disubstituted
Creatine (N,N) 0.34 - 10 10 0.1 0.5 pk 0.5 2 - -
Arginino-
succinic (NjN^) 0.26 - - 10 - 10 ng 2 2 - 2
Phosphoarg. (N.N') 0.14 - - 10 - - 10 10 10 2
Trisubstituted
Creatinine 0.34 2 0.5 - - 2 y 0.1 0.1 - -
Phospbocreatine 0.313 10 10 “ 10 10 y 10 0.5 —
"
Table 2. (cont'd)
Guanidine Rf Jaffe Bene­ Saka- Diace- Weber NBD- Fast KOH
Compound r dict guchi tyl- C1 Blue 2 2
Behre a-nath- B
thol
(b) (c) (d) (e) (f) (8) (h) (i) (i)
Other
Creatinine phos. 0.20k 10 10 - - - 0.5 0.1 - 2
Guanine 0.50 - - 10 - 2 gn 0.5 - - 10
Atrazine 0.55 — — — — — 10 - -
Gonyaulax Toxins
Saxitoxin 0.20 •• 0.5 •• •• •• 0.5 0.05 0.02 0.05
Major Toxin H 0.40 *• •• •• “ •• 0.05 0.04
Major Toxin L 0.32 " •• •• ** 0.04 0.04
^he numbers in the table indicate the least amount detected (yg). A (-) indicated no reaction at 10 yg 
and (") no reaction at 2 yg. Abbreviations: G=guanidine, y=yellow, pr=purple, ng=orange, pk=pink, gr=green,
bu=blue.
^Positive - orange
cPositive - purple or orange
^Positive - pink
ePositive - pink or orange
^Positive - variable color. Shown in table.
^Positive - blue or purple
Table 2. (cont'd)
^Positive - pink or orange
"‘‘Positive - blue fluorescence under long UV
3Sometimes an Rf 0.4 spot also appeared. However, this spot was slower to appear and faster to disappear. 
^Sometimes unstable spots at R^ 0.40 and 0.29 appeared.
■>
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alkyl substituted guanidines, which would explain the negative results 
with the toxins at 2 yg. Arginine is an impurity accompanying STX to the 
final purification steps so any positive Sakaguchi reaction by the toxins 
would probably be indicative of impurities, such as arginine, in the 
preparations (38).
The Weber and diacetyl-a -naphthol sprays react to give more 
positive reactions with the less highly substituted guanidines. This 
generalization appears to hold particularly well with the diacetyl-0 - 
naphthol spray in that all of the unsubstituted and monosubstituted 
guanidines, with the exception of aminoguanidine sulfate, show a positive 
reaction at 10 ^ yg or less. The Weber spray appears to be slightly more 
sensitive for the less highly substituted derivatives. However, it does 
not appear to be as specific as the diacetyl-0 -naphthol spray in that 
positive reactions are also noted for two of the disubstituted, both of 
the trisubstituted, and one of the aromatic derivatives. Previous 
observations of positive reactions between STX and Weber and diacetyl-ot- 
naphthol sprays and between the Major Toxins and Weber spray (59) were 
not observed at 2 yg of each toxin. The reactivity of these sprays with 
other compounds ,as well as the inability of these sprays to detect low 
amounts of toxin,appear to render them of limited value for toxin 
detection.
NBD-C1 shows a reaction with a low level of STX. However, it 
suffers from being too general since it reacts with free primary and 
secondary amines and to some extent with thiols (106).
Proctor et al. have reported the ability to detect 0.01 Pg STX 
using the Fast Blue B spray (45). With the application of heat to 
intensify the color reaction, the Fast Blue B spray detects 0.05 yg STX
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in this study. One of the difficulties with using this spray is its 
lack of specifidity because a positive reaction arises from the coupling 
of the spray reagent with phenols and amines. The reactions with non- 
guanidinium phenols and amines are shown in Table 3. Therefore, although 
low amounts of STX can be detected with Fast Blue B spray, the lack of 
specificity would require a sample free of the many possible interfering 
substances.
In all the above reactions, the Major Toxins were not detected at 
the 2 yg level. This may he due to the additional functional group, the 
a or 3 hydroxyl, on the molecule. The lack of sensitivity of the above 
sprays for the Major Toxins would make them inapplicable for the 
determination of the total toxin content.
Of the various methods tested in Table 2, the fluorometric 
method of detection appears to be the most sensitive for the detection 
of STX and the Major Toxins on TLC plates. The fluorescing derivative 
was generated either by the action of H2O2 or by KOH. Of these, the 1 ^ 2  
method is the more specific as far as guanidine compounds are concerned. 
It had previously been found that most representative amino acids, 
purines, and sugars, when heated with did not yield fluorescence of
the magnitude given by the toxins (59). In Figure 3, the fluorescent 
derivatives from the alcoholic KOH spray are compared with the ^2^2 
derivatives previously described by Buckley et al. (59) . Each of the 
Gonyaulax toxins at 0.2 yg form two and three derivatives with H2O2 
and KOH, respectively. In other experiments, up to five KOH derivatives 
have been noted. The instability of the additional derivatives would 
account for the high degree of streaking if breakdown of the derivatives 
occurred during TLC development. The streaking caused a considerable
TABLE 3.
Fast Blue B Reaction with Phenols and 'Amines
Compound Rf Color Minimum
Detectable
(ji*5
Resorcinol 0.74 pink 0.01
Aniline 0.50 pink 2
Histamine 0.14 orange 0.5
Tyrosine 0,48 pink 2
Serotonin 0.53 purple 0.1
Dopa 0.44 yellow 0.5
Dopamine 0.49 yellow 0.1
Figure 3. TLC of Fluorescent Derivatives of 0.2 pg: (1) STX, (2) Major
L, and (3) Major H formed by A. H2O2 and B. 5% KOH and 
developed in pyridine solvent (B). (a), (b), and (c) are


























amount of base-line increase so that in situ TLC fluorometry was not 
possible. Decreasing the alcoholic KOH concentration to 3.0, 1.0, or 
0.5% KOH decreased the streaking but the number of derivatives formed 
varied with concentration and was not constant even for a given 
concentration. The most stable KOH derivative, the one most visible 
by TLC, is not one of the two H2O2 derivatives, as shown in Figure 3.
This suggested differences in the two reactions. The fluorescence 
derivative study suggested that the reaction may be more readily
controlled in terms of fluorescent side reactions and product stability.
The fluorescence produced by oxidation with H2O2 suggested the 
use of other sprays, after TLC in solvent (B), which were oxidation- 
reduction reactions. The results on toxins tested at a maximum of 0.5 yg 
are shown in Table 4. Of these, silver nitrate-potassium permanganate 
spray detects the toxins to 0.5 yg but suffers in specificity in that 
reducing compounds in general yield a positive reaction. Tetrazolium 
blue detects STX to 0.2 yg but also reacts with corticosteroids in 
addition to other compounds with reducing properties.
Of the other sprays tested after TLC in solvent (B), shown in 
Table 4, the chlorine-tolidine spray exhibits a sensitivity in the
range of the fluorescent reactions. However, this sensitivity is not
equalled in specificity as nitrogen-containing compounds capable of 
conversion into chloramines also provide a positive reaction.
The fluorescence produced by oxidation with has been used
by Bates and Rapoport as the basis for a sensitive tube assay for STX in
West Coast shellfish (98, 99) and it also offered possibilities for 
the detection of Gonyaulax toxins present in East Coast shellfish.
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TABLE 4.
Color Reactions and Sensitivity Limits of 
Gonyaulax Toxins with Other Spray Reagents3
Spray Gonvaulax Toxin




Alkaline** - - -
Silver Nitrate-
Ammonium Hydroxide0 - - -
Silver Nitrate-
Potassium Permanganate 0.5 0.5 0.5
Tetrazolium Bluee 0.2 0.5 0.5
f
Tungstophosphoric Acid - - -
Potassium Ferricyanide- 
Ferric Chloride® - - -
Molybdophosphoric Acid - - -
Miscellaneous Reactions 
Fluorescein Ammoniac- - - -
Chlorine Tolidine® 0.05 0.05 0.05
aThe numbers in the table indicate the least amount detected. A (-) 
indicates no reaction at 0.5 yg.
^Positive - brown
cPositive - reduced silver spots
^Positive - light yellow spot on green-blue background 
ePositive - violet to blue
f
Positive - variable color
^Positive - deep purple
1.
Positive - blue spot on green-yellow background 
^Positive - fluorescent spot with long and/or short UV
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B. Solution Fluorometry
JL. Quinine Calibration. Calibration with quinine sulfate determined 
the sensitivity of the MK-1 in terms of the limits imposed by instrument 
parameters. 0.1 yg/ ml quinine sulfate was shown to have average excit­
ation maxima of 250, 349, and 456 nm for three repeated scans. The 
average emission maximum after three repeated scans was 442 nm. The 
literature identified the excitation maxima as 265 (prominent), 350 
(maximum), 455 (scatter), 510 and 750 (harmonics) nm and the emission 
maxima as 360 (scatter) and 450 (maximum) nm (109). Based on this data, 
a correction of + 1 nm for the excitation maximum and + 8 nm for the 
emission maximum was applied to obtain "corrected" spectra. Although 
this method provided only a rough calibration for a few regions of the 
spectrum, the use of quinine sulfate as a standardise one of three 
emission standards found applicable, and of the three, had an emission 
maximum closest to the STX fluorescence region of 380 nm (111). The 
fluorescence maximum of 0.1 yg/ ml quinine sulfate was measured at 
increasingly smaller slit widths. Table 5 shows some shift in the 
maximum with varying slit combinations. However, the variation of the 
fluorescence maximum with any of the slit sizes is not so great as to 
yield a false maximum.
From Table 6, the widest range of concentration within which the 
excitation and emission maxima are constant is 0.005 to 10 yg/ ml 
quinine sulfate, a range comparable to literature values for the Amlnco- 
Bowman Spectrofluorometer (109). The maximum fluorescence intensities 
at the range settings for each concentration varied a maximum of 0.5 yamps.
The true fluorescence spectrum of 0.1 yg/ ml quinine sulfate is 
shown in Figure 4. The relative fluorescence intensity was based on the
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TABLE 5.
Shifts in Fluorescence Maximum of Quinine Sulfate Due to Slit Sizea











10 10 0.605 445 + 5
10 5 0.176 442 + 8
5 10 0.113 442 + 8
5 5 0.024 444 + 6
aFluorescence emission maximum was determined with 349 nm excitation 
and manually scanning emission monochromator. 0.1 jjg/ ml quinine sulfate.
TABLE 6.
Effect of Concentration on Spectral Excitation and Fluorescence Maxima of Quinine Sulfate3
Quinine
Concentration




(pg/ ml) Observed Corrected Observed Corrected
100.0 365 366 444 452 18.8
10.0 349 350 442 450 7.44
1.0 349 350 442 450 1.14
0.1 349 350 442 450 0.156
0.05 349 350 442 450 0.104
0.025 349 350 442 450 0.0619
0.01 349 350 442 450 0.0233
0.005 349 350 442 450 0.0172
0.001 349 350 446 454 0.0099
0.0005 349 350 440 448 0.0111
0.0001 350 351 440 448 0.0065
aMaxima were determined by holding one monochromator at one wavelength (349 nm for excitation and 442 nm 
for emission) while manually scanning the other monochromator. Fluorescence intensity was measured at exci­
tation and emission maxima for each concentration. Slit widths = 5-10 nm.
Figure 4. The Uncorrected (— ) and True (•••) Fluorescence Spectra
for 0.1 pg/ ml Quinine Sulfate.
Excitation = 349 nm, Range = 0.3, Scan = 100 nm/ min 















reciprocal of the percent maximum response for the IP28 detector as 
presented in the MK-1 manual (107). Taking into account the detector 
sensitivity, the fluorescence intensity increases approximately 41%.
The truie fluorescence maximum for 0.1 yg/ ml quinine sulfate is 446 nm 
which would require a correction factor of + 4 nm to be comparable to 
the literature value of 450 nm emission maximum. The uncorrected 
fluorescence maximum of recorder scans varies with the recorder-pen 
response and the speed of the analyzer monochromator wavelength drive. 
Determining the true fluorescence maximum from the uncorrected scans 
and detector response at each wavelength illustrates, in Table 7, the 
true maximum and the correction that must be applied for each drive 
speed to correlate the maximum with literature values. From this point, 
all spectra maxima are considered true maxima with the correction factor 
depending on monochromator drive speed applied.
Preliminary experimentation suggested that intermediate fluorescence 
intensities are obtainable using a 5-10 nm (excitation-emission mono­
chromators) slit arrangement and that this arrangement was best for 
quantitative measurements (107). The sensitivity offered by such a 
slit arrangement made it ideal for the calculation of the minimum 
detectable concentration (m.d.c.). The peak-to-peak noise from 15 blank 
readings was 0.021 yamps. The concentration of 10“ ^ p.p.b. quinine 
sulfate read at the same amplification setting as the blank satisfied 
the condition that the test solution and solvent difference in yamps 
be between 10 and 100% full scale so that by
1.00 x 10~3 0.021 yamps
yamps0.0612 - 0.0212 
the m.d.c. was 1.05 x 10“  ^p.p.b.. Therefore, for the 5-10 nm slit 
arrangement linear calibration curve (Figure 5) the lower limit of
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TABLE 7.
Variation of True Fluorescence Maximum of Quinine













25 447 0.120 + 3
50 447 0.120 + 3
100 446 0.121 + 4
150 450 0.120 0
300 451 0.120 - 1
aEmission maximum determined for 0.1 yg/ ml quinine sulfate; excitation= 
349 nm; slit widths = 5-10 nm.
Figure 5. Linear Calibration Curve of MK-1 with Quinine Sulfate.
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linearity is approximately 5.5 x 10“ ^ pg/ ml. The figure of merit, the 
lowest concentration of quinine whose fluorescence can be measured with
_ Q
an average error of some agreed amount was determined to be 5.0 x 10 
pg/ ml, assuming an error of the mean to be 3.0 x 10”  ^pg/ ml. The linear 
calibration curve was used periodically to provide a rapid check for 
instrument accuracy before assay.
2. STX Fluorescence. The development of a chemical assay for STX in 
West Coast shellfish using alkaline H2O2 oxidation had suggested an assay 
technique 100 times more sensitive than the existing mouse bioassay (98). 
The method developed for East Coast shellfish w'as based on the establish­
ment of a STX standard curve. The excitation and emission spectra of the 
fluorescent product of 2.0 pg STX is shown in Figure 6 . The excitation 
maximum of 332 nm and the emission maximum of 381 nm can be compared to 
the literature values of 330 nm excitation and 380 nm emission (98). The
absorption spectrum of the H2O2 oxidized STX after acid addition, pH 4.55, 
is shown in Figure 7. Bates et^  al. and Buckley et_ al. have reported 
that after alkaline oxidation, at pH 10, the fluorescent product ha;d an 
absorption maximum near 335 nm (99, 97). An absorption at 235 nm in 
addition to a peak at 335 nm was reported earlier by Bates jet al. (98).
The method of oxidation used in this experiment, 2.0 ml 1.0 N NaOH and 
0.6 ml 1% H2O2, indicates the absorption maximum before acid addition, 
at pH 13.1, is 291 nm and no peak 'is; observed at 335 nm. Differences in 
pH of the alkaline H2O2 oxidation mixtures may account for the different 
spectra before acid addition. The fluorescence intensity after acid 
addition was approximately 2.5 times more than that before acid addition. 
The absorption maximum shift from 335 nm (literature) or 291 nm (this
experiment) to 235.5 nm suggested that the addition of acid caused a
Figure 6. Spectral Scans of the Acid Fluorescent Oxidation
Product of 2.0 yg STX.
A. Excitation Scan with Emission = 400 nm
B. Emission Scan with Excitation = 332 nm
Slit Widths =• 5-10 nm, Range = 1.0, Scan = 100 nm/ min




































Figure 7. Absorption Spectrum of Acid Fluorescent Oxidation
Product of 0.05 ug STX.

















hypsochromic shift. This seemed reasonable because the ring system of 
the fluorescent product isolated after acid treatment(Figure 2 d) has less 
amount of p orbital overlap, i,.£. is more rigid, and therefore more 
hypsochromic than the initial product of alkaline ^ 0 2  oxidation. In 
addition, the ring carbonyl of the acid product would tend to be electron 
withdrawing and contribute to the hypsochromicity. In all the spectra, 
the blank did not contribute significantly to the absorbance or 
fluorescence intensities.
The fluorescent product was not stable at pH 13.1, but upon addition 
of acid, the fluorophor was stabilized. The stability and spectra of the 
initial oxidation product may depend on the concentration of NaOH
and ^2^2* t*18 rat^° these two solutions, and/or the oxidation time of 
the STX molecule. This was supported by the report that the purine 
formed from STX oxidation in 0.5 M NaOH with 0.1% #2^2 had a yield of 
63.3% (by uv at 335 nm) after 0.5 h and that a slow destruction of 
this product took place when it remained in contact with alkaline 
H2O2 for additional time (98).
As expected, the true emission maximum varies with the drive 
speed of the emission wavelength monochromator (Table 8). The fluorescence 
intensity at the emission maximum corresponding to each drive speed varies 
more than observed for quinine sulfate and the optimal intensity is given 
by the drive speed of 100 nm/ min. The emission maximum and fluorescence 
intensity of 2 pg STX also vary with slit width combination. As shown 
in Table 9, the 5-10 nm and 10-5 nm slit width combinations yield 
fluorescence intensities of intermediate values. The 5-10 nm combination 
was probably the best for machine performance in that the irradiation 
falling on the sample to excite it was limited to a 5 nm spectral band-
TABLE 8.
Variation of True Fluorescence Maximum of STX 












aEmission determined for 2.0 yg STX, Excitation = 332 nm, Slit Widths 
5-10 nm.
TABLE 9.
Shifts in Fluorescence Maximum of STX Due to Slit Size3








10 10 380 1.31
10 5 383 0.403
5 10 381 0.358
5 5 382 0.094
aFluorescence maximum of 2 pg STX was determined with 332 nm excitation 
and manually scanning emission monochromator.
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width and the emission to the photomultiplier was maximized to collect a 
10 nm spectral bandwidth. From Table 10, the widest range of concentrations 
within which the excitation and emission maxima are constant is 3.91 x 
10“  ^to at least 2.0 pg STX. Calibration curves were prepared to be used 
as a standard. In Figure 8, the linearity of the curve using 10-10 nm 
slits holds down to 0.05 to 0.1 pg STX which is the same as that for the 
curve with 5-5 nm slits, shown in Figure 9, and the correlation coefficient 
is the same for both curves. It would not be advantageous for measurement 
of low levels of toxin at small slit widths (Figure 9) as the fluorescence 
intensities at the low concentrations approaches that of machine noise, 
leading to minor rapid oscillations, observed at range settings around 
0.004 pamps and below. The calibration from the larger slit widths 
(Figure 8) suffers because more interfering substances, such as the Raman 
peak of water, would be subject to excitation because of the larger 
spectral bandwidth of the excitation light impinging on the sample.
The standard curve in Figure 10 (5-10 nm slit combination) offers the 
best alternative to both sensitivity and spectral bandwidth problems.
The lower limit of sensitivity of the 5-10 nm slit arrangement 
curve (Figure 10) is 0.005 to 0.01 pg STX. The figure of merit for 
STX using this curve was also 0.005 to 0.01 pg STX, assuming an error of 
the mean to be 9.0 x 10  ^pg. The correlation coefficient of 0.9998 
suggested minimization of interfering fluorescence was achieved. The 
magnitude of the blank ranged from 3.5% at 2.0 pg STX to 46 to 50% at 0.05 
pg STX for both the 10-10 nm and 5-5 nm slit combinations. The 5-10 nm 
combination gave a blank of about 2% of the sample at higher concentrations 
of STX and of about 55 to 60% at the 0.005 pg STX level. The 5-10 nm 
calibration curve was selected for the standard method because of the
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TABLE 10.
Effect of Concentration on Spectral 
Excitation and Fluorescence Maxima of STXa
STX Concentration Corrected Wavelength Maxima (nm)
(yg) Excitation Emission
2.00 X 10° 332 381
1.00 X 10° 332 381
5.00 X 1 0 - 1 332 381
2.50 X 10-1 332 381
1.25 X 10_1 332 381
6.25 X 10 "2 332 381
3.13 X 10"2 332 381
1.56 X 10-2 332 381
7.81 X io-3 332 381
3.91 X io-3 332 381
1.95 X 10-3 332 370
9.76 X 10-4 332 370
4.88 X 10-4 333 370
Maxima were determined by holding one monochromator at one wavelength 
(332 nm excitation and 381 nm emission) while manually scanning with 
the other monochromator.
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Figure 8. Calibration Curve of MK-1 with STX Using 10-10 nm Slits.
H  as (Sample minus Blank) * S.E.M. for n = 5 and 
as Blank











Figure 9. Calibration Curve of MK-1 with STX Using 5-5 nm Slits.
M  as (Sample minus Blank) * SE.M. for n = 5 and 
as Blank.












Figure 10. Calibration Curve of MK-1 with STX Using 5-10 nm Slits
& £-f) as (Sample minus Blank) 1 S .E ,M. for 0 = 5 and
as Blank.
i Excitation ■ 332 nm and Emission = 381 nm.
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sensitivity obtained by subtracting the blank from the sample 
fluorescence values.
The slope of the 5-10 nm curve, 0.1869 yamps/ yg STX, was used 
to check instrumentation and assay procedures. The reciprocal slope,
5.3505 yg STX/ yamp, was useful in comparing the fluorescence curve to 
other calibration methods, other fluorescence procedures, and to calculate 
toxicity in samples of unknown STX content. By this procedure, samples 
could be assayed for as low as 0.005 yg STX. This was considerably 
more sensitive than the mouse bioassay which detected toxin to the level 
of 0.3 yg STX, a lower limit which in practice cannot be attained since 
the presence of sodium ions in shellfish extracts counteracts the 
effect of low levels of STX (90).
For the standard curve in Figure 10, STX is diluted with water.
In Figure 11, dilutions are made with 0.1 N HC1. The slope of 0.1979 
yamps/ yg STX compares favorably with the slope of 0.1869 yamps/ yg STX 
generated in Figure 10. This suggested that dilution of toxin in acid 
and water were comparable. Dilution in 0.1 N HC1 is probably more favorable 
because extraction of toxin from shellfish meat by standard procedures 
uses 0.1 N HC1.
3^. Comparison to Other Methods. The standard curves in Figures 10 
and 11 were compared to standard curves produced by following the abbrev­
iated assay procedure of Bates and Rapoport (98). The curves in Figures 
12 and 13 are for water and 0.1 N HC1 dilutions of toxin, respectively.
The standard containing 2.1 ml per assay tube assumed no evaporation had 
taken place whereas 2.0 ml assumed slight evaporation. The 1.0 ml assay 
standard was an attempt to control evaporation by always using 1.0 ml of 
TCA extract, after heating, for each sample and blank assay. By taking
MFigure 11, Calibration Curve of STX Diluted in 0.1 N HCl.
.(•-•) Sample minus Blank and Blank. Excitation *= 332 nm,






Figure 12. Standard Curve for Bates and Rapoport Assay of STX Diluted 
in Water.
Assays containing flWO 2.1 ml, (-00 2.0 ml, and •) 1.0 ml. 





Figure 13. Standard Curve for Bates and Rapoport Assay of STX Diluted 
in 0.1 N HC1.
Assays containing OHO 2.1 ml. f(H 2.0 ml, and $— $ 1.0 ml. 













into account the volume of extract used out of the total 4.2 ml available, 
the slopes and minimum detectable toxin concentration of the Bates and 
Rapoport standard curves can be compared to the standard curves generated 
in this study. The results are summarized in Table 11. It appears that 
the dilution method is a significant factor when assaying by the Bates 
and Rapoport method. In addition, the amount of TCA extract in the sample 
is also of significance in the Bates and Rapoport method. Using HCl 
dilution and 2.0 ml/ assay, a slight increase in sensitivity over the 
other Bates and Rapoport standards and the method developed in this 
laboratory is measured. Recently, Bates et al. have suggested a 
calibration of the fluorescence spectrometer different from that described 
for Figures 12 and 13, and it was being considered for the establishment of 
routine analysis of West Coast shellfish (99). This new calibration method 
may then correspond with the method developed in this laboratory more closely 
than the Bates and Rapoport method shown in Table 11.
The guanidine agmatine, a decarboxylation product of arginine, 
was assayed by a method based on the condensation of agmatine and 
o-phthalaldehyde (OPT) (113). A manual scan of the STX-OPT mixture 
indicated an excitation maximum of 355 nm and emission maximum of 405 nm 
(agmatine-OPT has a 355 nm excitation and 470 nm emission). Using these 
maxima, no linear relationship was seen between concentration and 
fluorescence, indicating no STX-OPT condensation. Acidification with 
0.2 ml glacial acetic acid did not change the maxima nor did it lead to 
the establishment of a linear calibration curve. The addition of acid 
increased the fluorescence but the lack of linearity suggested that no 
STX-OPT condensation took place during the short incubation time.
The acidification may have changed the STX and/or OPT molecule such that
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TABLE 11.
Comparison of Fluorometric Methods










2.1 ml/ assay 0.2505 0.005 0.1233 0.005
2.0 ml/ assay 0.1517 0.003 0.0917 0.005
1.0 ml/ assay 0.2800 0.008 0.1142 0.005
This Laboratory 0.1979 0.005 0.1869 0.005
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the base fluorescence was increased. Because the agmatine molecule is a 
monosubstituted guanidine and the STX molecule contains two trisubstituted 
guanidinium groups, the attempt to condense STX and OPT by the method for 
agmatine was not pursued further.
The alkaline fluorescence method for tetrodotoxin (TTX), a 
molecule containing one disubstituted guanidinium group, was applied to 
STX (112). The excitation and emission scans of the sample and blank for 
STX gave maxima of 335 nm and 364 nm for excitation and emission, 
respectively. No linearity between concentration and fluorescence was 
established. These results suggested- that the fluorophor produced when 
STX was in alkaline solution was not suitable for use. The instability of 
the STX oxidation product in alkaline was mentioned previously (98).
4_. Factors Affecting Solution Assay. The 40 min ^2°2 oxidation 
step of 0.1 yg STX carried out at pH 13.1 and the subsequent acidification 
step to pH 4.55 to produce the fluorophor gave a sample value of 0.0271 
yamps and blank of 0.0041 yamps with the difference of 0.0230 yamps 
representing the true fluorescence. Each of these values was given a 
fluorescence intensity of 100 and relative fluorescence values given in 
this section were based on comparisons of obtained yamp readings with 
these yamp values.
a. Effect of Light. The effect of outside light on the 
oxidation step followed by exposure from the fluorometer xenon lamp for 
varying lengths of time after acidification is seen in Figure 14. After 
acidification, the true fluorescence (sample minus blank) increases about 
10% the first 20 min. After 25 min, there is an overall loss of 10% 
fluorescence followed by an increase over the next 60 min. After 90 min,
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Figure 14. Effect of Light on 0.1 yg STX Oxidized in the Light.
t-*) Sample, (<X*) Blank, and (4H Sample minus Blank. 





the sample fluorescence continually decreases to produce the overall 
photodecomposition to 31% of the original fluorescence in a 180 min 
period. The initial drop in relative fluorescence at 25 min followed by 
the increase suggested the production of a secondary fluorescence which 
finally decayed after 90 min. By carrying out the oxidation step in the 
dark, the initial decline in fluorescence does not occur until 60 min 
of exposure to light (Figure 15). The overall fluorescence is greater 
than that in Figure 14 and may be due initially to the decreased blank 
and subsequently to the fact that photdecomposition of the sample does 
not occur after 90 min as it does in Figure 14. The oxidation step 
was sensitive to light with the oxidized purine, before being acidified, 
being sensitive to the light. Greater fluorescent yields were obtained 
if the oxidation incubation was carried out in the dark, and the 
possibility of secondary fluorescence was minimized if the fluorescence 
intensity of these samples was measured within 60 min after acid 
addition, which should be a sufficiently long time to take the readings 
without having to worry about the effects of prolonged exposure to 
the xenon light source.
b^. Effect of pH. Figure 16 shows the effect of pH of the 
oxidation reaction on the fluorescence yield and indicates that peaks of 
fluorescence intensity are produced at two different pH's. The peak at 
pH 10.8 or approximately 10”  ^N NaOH yields 40 to 45% the maximum 
observed fluorescence intensity. The peak at pH 12.2 or approximately 
0.7 N NaOH shows optimal fluorescence intensity. The blank fluorescence 
comprises only 4 to 6% of the latter sample. For optimization of 
fluorescence intensity, a pH range of 11.8 to 12.6 or a NaOH concentration 
range of 0.2 to 1.0 N yield maximum fluorescence intensity.
Figure 15. Effect of Light on 0.1 vg STX Oxidized in the Dark.
{►-•) Sample, («X0 Blank, and H H  Sample minus Blank. 




























Figure 16. Effect of Oxidation Step pH on Fluorescence Intensity 
of 0.1 yg STX.
(•-•) Sample, (-(H Sample minus Blank, and (*x*) %Blank in 
Sample. Excitation = 332 nm, Emission = 381 nm, and 

















Figure 17 shows that oxidation of STX followed by acidification 
with acetic or citric acid yields the higher fluorescence intensities.
The acetic acid produces optimal intensity over a larger pH range, 4.0 
to 6.0. This larger pH range and the smaller percent of blank, 19% 
compared to 23% for citric acid acidification, made acidification with 
acetic acid to pH 4.5 optimal. The low intensities of sulfuric acid 
acidification can be attributed to the additive e-ffects of decreased 
sample intensity and increased blank values. The phosphoric acid 
acidification was not desireable due to the large degree of change in 
intensity that arose with a small change in pH.
c^. Effect of Time and Temperature of the Alkaline Oxidation 
Reaction. Incubation of the oxidation reaction at 0°C, seen in Figure 
18, shows peaks of fluorescence intensity at 2, 6, and 40 min, the first two 
being sharp. The optimal yield occurring at 40 min is followed by a 
gradual decrease in fluorescence intensity probably due to photodecomp­
osition. Warming the tube to room temperature before recording the 
fluorescence does not seem to have much effect.
Incubation at room temperature (Figure 19) gives a peak profile 
similar to the 0°C incubation, with peaks occurring after 3 and 20 min.
At this room temperature incubation, the blank constitutes 20 to 25% 
of sample intensity at the times of optimal intensity. A 10 min 
equilibration time after acidification, before reading the fluorescence 
intensity, results in a second peak of decreased intensity occurring 
later, ca. 30 min, than with samples read immediately.
The initial fluorescence of the 60°C incubation (Figure 20) is 
of very high fluorescence intensity and occurs 30 sec after acid addition. 
The second peak of fluorescence intensity occurs at 8 min and is of a
Figure 17. Effect of Acidification Step pH on Fluorescence Intensity 
of 0.1 yg STX.
60$ Sulfuric Acid, (-8-) Phosphoric Acid, (-#*) Citric Acid, 
and Acetic Acid. Excitation = 332 nm, Emission =
381 nm, and Slit Widths = 5-10 nm.
Figure 
17.











Figure 18. Effect of Time of the Oxidation Reaction on Fluorescent
Reaction of 0.1 pg STX at (P C.
^(H Sample Read at 0°C, (•-•) Sample Read at Room Temperature 
(• X •) %Blank in Sample at 0°C. Excitation = 332 nm,
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Figure 19. Effect of Time of the Oxidation Reaction on Fluorescent
Reaction of 0.1 yg STX at 24°C.
(-Q-) Sample Read at 24°C, {*—•) Sample Read 10 min after 
Acidification, and (•*•) %Blank in Sample at 24°C.
Excitation = 332 nm, Emission = 381 nm, Slit Widths = 5-10nm.
Figure 
19.






















Figure 20. Effect of Time of the Oxidation Reaction on Fluorescent
Reaction of 0.1 pg STX at 60°C.
(-Q-) Sample Read at 60°C, (•—^ Sample Read at Room 
Temperature, and (•*•) %Blank in Sample at 60°C.
Excitation = 332 nm, Emission = 381 nm, Slit Widths =5-10 nm.
RELATIVE FLUORESCENCE INTENSITYG ro io  1 
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greater magnitude than the intensity at 20 min at room temperature, 
or at 40 min at 0°C. The rate of decline in intensity is faster at 60°C 
than at the previous temperatures and the blank comprises 50 to 55% of the 
sample values.
Figure 21 shows the absence of any initial fluorescence peak 
at 100°C incubation with the secondary peak occurring at 2 min. Most 
likely the initial peak occurred too quickly to be measured. It Was 
also possible that the low intensity of the secondary peak was due to 
thermal denaturation of the fluorescence product as indicated by the 
very rapid loss of intensity after 2 min. The effects of increased 
temperature have been attributed to higher probabilities for other means 
of deactivation of the excited molecule (118). The blank at this 
temperature comprises 45 to 60% of the sample values. In Figures 18, 19, 
and 20, the initial fluorescence peak occurs too rapidly to be utilized 
in a routine analysis. Although the secondary peak is largest with 60°C 
incubation, the rapid decomposition of the intensity as well as the high 
blank renders it of limited routine use. The room temperature incubation 
seems optimal in terms of the fluorescence intensity and its stability 
after 20 min incubation. The contribution of the blank is also minimal 
at this temperature.
Figure 22 indicates that the temperature after acidification 
has an effect on the fluorescence intensity. Acidification at room 
temperature, 24 to 26°C, yields the optimum fluorescence intensity.
ji. Effect of 11^2 Concentration. As Figure 23 shows, an 
optimum intensity is obtained with H202 concentrations of about 2.5%.
The percent blank in the sample increases due to the fact that high 
concentrations of H2O2 inhibit the sample fluorescence intensity. This
Figure 21. Effect of Time of the Oxidation Reaction on Fluorescent
Reaction of 0.1 yg STX at 100°C.
(~(H Sample Read at 100°C, £—•) Sample Read at Room 
Temperature, and (•*•) %Blank in Sample at 100°C.














Figure 22 . Effect of Temperature of the Acidification Reaction on
Fluorescent Reaction of 0.1 yg STX.
(•— •) Sample and (•<>•) %Blank in Sample. Excitation = 332 nm, 











% BLANK IN SAMPLE (*0.)
Oil
Figure 23. Effect of Concentration on the Fluorescence Reaction
of 0.1 yg STX.
(•—4 Sample, Sample minus Blank, ana (oc*)%Blank
in Sample. Excitation = 332 nm, Emission = 381 nm, 






































Inhibition was expected as gassing with oxygen also produced an inhib­
itory effect. The quenching by oxygen is believed to be caused by the 
reaction between oxygen and the excited singlet state of the molecule, 
producing a triplet state (118).
ie. Effect of Inorganic Salts and Miscellaneous Substances.
The effect of anions are seen in Table 12. Of the sodium and potassium 
salts, iodide and ferricyanide reducer the fluorescence intensity with 
the latter exhibiting the more pronounced affect. In both cases, the 
decreased intensity may be due to quenching from the colored solutions. 
There is an overall greater increase in all reactions where the ion was 
added after acidification, rather than during oxidation. The particularly 
increased intensities from chloride and phosphate would tend to eliminate 
the use of acids of these ions for the acidification step of the 
fluorescent reaction. Also causing enhancement in fluorescence, due 
mainly to an increase in sample fluorescence, are the addition of 1% 
phthalate or bisulfite or 0.1% bromide after oxidation. Based on re­
calculated Dittmar's values for the major constituents of the sea, the 
two ions with the most pronounced affects on fluorescence intensity, 
iodide and ferricyanide, are not of consequence in the sea water and are 
not represented as major constituents (119). Although chloride comprises 
55.04% of the total salts of sea water, it would be of no consequence 
during the oxidation reaction. Since there was no introduction of 
chloride ions after the oxidation reaction the enhancement observed in 
Table 12 would not be seen. The enhancement from phosphate, phthalate, 
and bisulfite would not be of consequence as they are not among the 
major constituents of sea water. Although bromide shows an enhancement 
of fluorescence at 0 .1% after oxidation, the quantity of bromide in sea
TABLE 12.
The Effect of Anions on the Fluorescence Intensity of 0.1 ug STX 
When Added as Sodium or Potassium Salts During Hgp2 or After Acidification3
Ion Concentration Relative Fluorescence Intensity
(%) During H„0o After Acidification
S B 2 " S-B S B S-B
Sodium Salts
Chloride 1.0 110.70 81.32 120.37 115.76 40.20 189.32
Acetate 1.0 110.70 103.77 112.96 88.67 36.00 139.81
Citrate 1.0 113.96 81.13 124.69 88.67 43.70 133.98
Nitrate 1.0 104.65 69.81 116.05 85.22 50.81 119.44
Phosphate 1.0 111.63 71.70 124.69 114.78 35.96 192.23
Sulfite 1.0 81.40 69.81 85.19 60.59 31.32 89 .'32
Potassium Salts
Iodide0 1.0 0 62.26 0 0 33.22 0
0.1 20.46 80.01 0 20.69 44.59 0
0.06 42.33 64.15 35.19 47.92 50.36 41.78
0.04 41.66 67.92 33.33 43.89 58.77 45.32
0.02 127.91 69.81 146.91 130.19 96.32 151.91
Nitrate 
-----------------
1.0 118,60 67.92 135.00 83.94 38.93 128.00
Table 12. (cont'd)
Ion Concentration Relative Fluorescence Intensity
(%) Durins Ho0n After Acidification
S B S-B S B S-B
Ferricyanidec 1.0 0.5 0 0 0.5 0 0
0.1 8.37 22.64 3.70 47.79 15.13 79.61
0.06 9.77 24.53 4.94 - — —
0.04 12.00 37.74 3.70 - — —
0.02 17.21 47.17 7.41 - - -
Phthalate 1.0 92.09 83.02 95.06 130.92 43.28 232.04
Bisulfite 1.0 59.53 67.92 56.79 142.86 28.33 254.37
Bromide 1.0 5.16 60.38 48.77 86.21 47.94 124.27
0.1 87.44 66.04 95.70 150.39 39.82 238.83
Values in the table are based on 40 min incubation of 0.1 yg STX containing 1.0 ml H~0 in place of salt. 
A (-) indicates that no results were obtained. Values are given for sample, S; blank, B; and sample minus 
blank, S-B.
^Amber colored sample and blank (probably free iodine)
cYellow-colored sample and blank
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water is 0.19%. Bromide would have to be introduced after the oxidation 
step to observe any affects as none are seen during the oxidation step.
Of the cations in Table 13, fluorescence intensity reduction 
during oxidation from ferric, cobaltous, manganese, silver, and bismuth 
ions are of no consequence when one considers that none of these ions are 
among the major constituents of sea water. The enhancement due to 
mercuric, ammonium, and cupric ions are also of limited consequence because 
they are not major constituents of sea water. The enhancement due to 
magnesium at low concentration could be of some concern as magnesium 
coinprises 3.69% of the total salts of sea water. As in the previous 
table, addition of ions after treatment may lead to enhancement, but 
the experimental conditions of the assay procedures made these a 
minor concern.
The specific effect of salts was difficult to assess. Research 
in the area of the ionic effects upon bioluminescence in Gonyaulax 
polyedra has indicated that salts are effective in stimulation of the 
light emission of the luminescent system (120). The ionic strength, 
molecular size, solubility, potential for oxidizing or reducing (£,£. 
K3Fe(CN)g; Na2S20g), and their effectiveness as protein precipitants 
have been implicated among a possible multiplicity of effects of salts in 
a partially purified Gonyaulax luminescent system. It is probable that 
these multiplicity of effects were also of concern in the fluorescence 
system generated here. Care should be taken to limit the introduction 
of such ions from Tables 12 and 13 that show an effect on fluorescence 
intensity.
Table 14 indicates other miscellaneous compounds that may have 
an effect on fluorescence intensity. Bode et>al. have described a
TABLE 13.
The Effect of Cations on the Fluorescence Intensity of 0.1 yig STX When Added 
as Chloride, Sulfate, or Nitrate Salts During or After Acidificationa
Ion Concentration Relative Fluorescence Intensity
(%) During H9O9 After Acidification
S B S-B S B S-B
Chloride Salts 
Lithium 1.0 109.30 83.02 117.90 115.76 40.15 189.32
Sodium 1.0 110.70 81.13 120.37 115.76 40.15 189.32
Magnesium 1.0 74.42 79.25 72.84 68.97 175.03 0
0.1 167.44 75.47 197.53 140.39 39.77 238.83
Calcium 1.0 67.44 73.58 65.43 123.15 42.85 201.94
Ferric'5 1.0 1.40 1.89 1.23 4.93 0 0
0.1 69.77 154.72 74.07 73.89 11.75 77.67
Cobaltousc 1.0 1.40 56.60 0 91.93 127.42 124.27
0.1 46.51 75.47 37.04 149.26 57.73 272.84
0.06 81.40 86.79 79.63 - - -
0.04 113.95 77.36 125.93 - - -
0.02 167.44 107.55 187.04 - - -
Mercuric^ 1.0 294.42 66.04 370.37 105.91 33.92 176.70
Bariume 1.0 99.07 62.26 111.11 172.41 49.83 292.23
Sulfate Salts
Ammonium 1.0 129.30 62.26 151.23 91.13 36.50 144.17
Table 13. (cont'd)
Ion Concentration Relative Fluorescence Intensity
(%) During Ho0„ After Acidification
S B 1- 2 S-B S B S-B
Manganese^ 1.0 1.40 105.66 0 129.56 75.43 182.52
0.1 23.26 86.79 2.47 147.78 41.33 251.46
0.06 48.84 45.28 50.00 - - -
0.04 58.14 39.62 64.20 - - -
0.02 241.86 43.40 306.79 - - -
Cupric® 1.0 93.02 99.34 169.75 98.52 41.73 154.37
Zinc 1.0 110.23 84.91 145.06 140.81 40.26 141.26
Ferric** 1.0 0 50.94 0 0 32.19 0
0.1 17.67 54.72 5.30 18.72 11.73 82.10
0.06 18.69 56.60 6.45 - - -
0.04 20.93 64.15 7.00 - - -
0.02 20.05 73.58 10.30 - - -
Nitrate Salts
Sodium 1.0 80.47 69.81 116.05 115.76 50.37 119.42
Potassium 1 0 79.07 67.92 135.19 83.76 38.15 128.15
Silver^ 1.0 114.88 867.92 0 121.67 58.73 183.50
0.1 148.84 100.00 164.81 157.64 61.05 222.33
Bismuth 1.0 143.26 1792.45 12.35 151.72 175.93 129.13
aValues in the table are based on 40 min incubation of 0.1 pg STX containing 1.0 ml H O  in place of 
salt. A (-) indicates that no results were obtained. Values are given for sample, S; blank,B; and sample 
minus blank, S-B.
Table 13. (cont'd)
^Orange precipitate in sample and blank. 
cBrown precipitate in sample and blank during 
^Gray precipitate in sample and blank. 
eWhite precipitate in sample and blank.
^Brown precipitate in sample and blank. 
®Turquoise-colored sample and blank.
^Gray precipitate in sample.
pink after acidification.
TABLE 14.
The Effect of Proteins and Purines on- the Fluorescence 




During HoOo ___After Acidification
s B S-B S B S-B
BSAb 1.0 1395.35 537.74 975.30 157.64 155.00 119.42
0.1 302.33 1509.43 0 - - -
0.01 90.70 141.51 74.07 - — —
Ribonuclease 1.0 103.72 443.40 0 112.32 92.35 182.52
Trypsinc 1.0 227.91 2547.17 0 142.86 94.18 190.29
Q
Pepsin 1.0 781.40 4150.94 0 270.99 345.00 199.03
Adenine 1.0 153.49 509.43 37.01 344.83b 460.03 233.01
Guanineb 1.0 1232.56 5000.00 0 1477.83 3000.00 0
0.1 213.95 311.32 182.07 453.20 693.00 220.93
Values in the table are based on 40 min incubation of 0.1 yg STX containing 1.0 ml 1^0 in place of salt. 
A (-) indicates that no results were obtained. Values are given for sample,S; blank, B; and sample minus 
blank, S-B.
^Precipitate present in sample and blank.
cCloudy sample and blank.
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stimulatory effect of bovine serum albumin (BSA) in the intact 
Gonyaulax system stating that the BSA-bound luciferin was less susceptible 
to autoxidation (121). The large enhancement with 1.0% BSA may be due 
to the precipitation. The other proteins produce a reduction in 
fluorescence intensity. The bigh blank value with protein addition 
during oxidation in comparison with protein addition after acidification 
indicated that protein itself was interfering by reacting with the blank 
reactants. The boiling in the standard procedure for toxin extraction 
probably suffices to reduce the interference from various proteins by 
denaturing them and making them insoluble. The addition of purines in 
1.0% concentration could interfere with the oxidation step by enhancing 
the blank fluorescence.
Tables 12, 13, and 14 indicate than many substances can affect 
the STX fluorescence system and the introduction of extraneous compounds 
can thus have a profound impact on the STX tube assay. The standard 
conditions given at the start of this section (B.4.) are seen to be 
optimal. The latter part of this section (B.4.) shows that ions, 
proteins, and purines may affect the results. The factors affecting the 
STX fluorescence intensity may serve as a basis for assessing the 
potential use of the assay system for routine analyses.
C. Application of Fluorometry to Shellfish Extracts
1^  Extraction Procedures and in situ TLC Fluorometry. The applicabil­
ity of the various alcohol extractions to the fluorometric determination 
of toxin content was investigated and the results (Table 15) are 
compared to the standard HC1 extraction. The inability of iso-propanol, 
n-propanol, and 95% ethanol to extract the total toxin content in
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TABLE 15.









Mouse Bioassay < 40 300 < 40 1142.24
HC1 Extract 38.88 414.18 25.64 1031.46
Absolute Methanol
Extract 37.08 221.53 27.08 937.24
95% Ethanol,
Extract15 69.17 160.99 27.08 328.19
n-Propanol
Extract*5 32.82 127.42 14.64 333.54
iso-Propanol
Extract 1.07 51.57 5.85 123.07
aValues in table refer to yg STX/ 100 g shellfish meat for the 
various extraction procedures.
^Green to yellow extracts.
123
M. arenaria and M. edulis toxic samples limited their usefulness 
in toxin extraction procedures. In addition, the high toxin content 
recorded for the ethanol extract of non-toxic M. arenaria suggested 
that additional fluorescent substances were extracted with ethanol.
In situ TLC fluorometry of M. arenaria extracts by the method of Buckley 
et al. (Figure 24) (60) shows the inapplicability of n-propanol or iso- 
propanol extractions as the non-toxic extract scans yield peaks of greater 
height than the toxic extract scans. The ethanol, methanol, and HC1 scans 
show the peak heights of the toxic extracts greater than the non-toxic 
extracts. However, the scans of corresponding M. edulis extracts 
(Figure 25) indicate that use of in situ TLC fluorometry for determination 
of toxicity in HC1, methanol, or ethanol extracts would be inapplicable 
as the peaks are neither well-defined nor well-separated from interfering 
substances. Determination of areas of the in situ TLC fluorometry peaks 
often resulted in areas of non-toxic samples greater than areas of 
toxic samples.
1_. Solution Fluorometry vs. Mouse Bioassay.The solution fluoro- 
metric method was applied to methanol and HC1 extracts of toxic M. 
arenaria and M. edulis. The emission scans of Figures 26 and 27 suggest 
that fluorescence measurements of the products from dilutions of HC1 or 
methanol extracts can be graphed and linearity between concentration and 
fluorescence, as sample minus blank, established. Although the emission 
maximum varies with the extract, 385 nm and 388 nm for HCl and methanol 
extracts, respectively, of M. arenaria and 390 nm and 395 nm for M. edulis, 
measurements of fluorescence intensity at 381 nm with 332 nm excitation 
would enable standardization and referral to STX fluorescence intensity.
The difference in maxima was likely due to the pigmentation present in the
Figure 24. In Situ TLC Fluorometry of Non-toxic, A., and Toxic, B.,
M. arenaria.
2X Spots, 10X Sensitivity, (1) Blank, (2) 100 jig/ ml 
STX, (3) n-Propanol Extract, (4) iso-Propanol Extract, 









Figure 25. In Situ TLC Fluorometry of Non-toxic, A., and Toxic, B., 
M. edulis.
2A Spots, 10X Sensitivity, (1) Blank, (2) 100 yj!;/ ml 
STX, (3) n-Propanol Extract, (4) iso-Propanol Extract, 




















Figure 26. Emission Scan of Toxic M. arenaria Extracts.
A. HCl Extract, Range 0.3, 0.5 ml, (— ) Sample, and 
(•••) Blank.
B. Methanol Extract, Range 0.1, 0.01 ml, (— ) Sample, and 
(•••) Blank.






















Figure 27. Emission Scan of Toxic M. edulis Extracts.
A. HCl Extract, Range 0.3, 0.3 ml, (— ) Sample, and 
(•••) Blank.
B. Methanol Extract, Range 0.3, 0 03 ml, (— ) Sample, and 
(•••) Blank.
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extracts. The slope of the curve derived from extract fluorescence, in 
pamps/ ml extract, can then be related to the STX standard curve, 0.1869 
pamps/ pg STX, to determine toxicity with the dilutions taken into 
account. In addition, the area under the curve of a fluorometric scan 
can be determined, with the area of a blank scan subtracted, and compared 
to the area under a STX scan, 0.0024 pg STX/ vernier unit (1 vernier 
unit = 0.01 sq. in.) with a Range setting of 0.3. Table 16 compares 
the mouse bioassay with graphical toxin determination, area toxin 
determination, and the modified Bates and Rapoport toxin determination 
(0.0917 pamps/ pg STX). The S.E.M. values are from 3 to 11% of the mean 
with the HC1 extracts, 5 to 13% with the methanol extracts, and 4 to 45% 
with the Bates and Rapoport determinations. As the table indicates, 
correspondence between toxic shellfish mouse bioassay and solution assay 
is best with methanol extracts. Some degree of toxin overestimation may 
be due to the pigmentation fluorescence that was not subtracted out by 
blank values. With high toxicity M. edulis samples, the Bates and 
Rapoport modified method shows greater variance and generally tends to 
underestimate the toxin content. Discrepancies of the Bates and Rapoport 
method may arise because the method was developed for West Coast shellfish. 
There are more toxins involved in East Coast shellfish. The Bates and 
Rapoport method reported, to a large extent, quantitation of mainly 
non-toxic samples (98).
For shellfish having low toxin content, underestimation of 
the toxicity by as much as 60% by the mouse bioassay has been reported 
(91). The fluorometric method developed here can eliminate this large 
error as well as report toxicity values below 40 pg STX/ 100 g meat, 
the lower limit for the mouse bioassay. The best correlation between
TABLE 16.
Comparison of Solution Fluorometric Assay with House Bioassay3
Sample Pg STX/ 100 g meat
Mouse HC1 Extract Methanol Extract Bates-Rapoport
Bioassay Graph Scan Graph Scan
M. arenaria
< 40 0 0.86 18.98 ( 1.97) 0 38.19 ( 5.09)
< 40 11.98 (0.53) 0 40.36 ( 3.91) 20.83 0
170.70 273.24 (20.05) 195.52 131.73 (20.54) 188.26 163.69 (32.72)
232.32 397.95 (17.26) 242.24 285.00 (20.79) 212.54 385.29 (27.18)
2161.28 2123.51 - - - -
M. edulis
< 40 43.32 ( 4.79) 0 46.19 ( 2.81) 24.53 4.91 ( 1.44)
< 40 21.23 ( 1.56) 0 30.79 ( 1.80) 2.13 9.33 ( 4.18)
259 380.01 (15.30) 270.40 338.45 (19.01) 200.00 93.12 (11.63)
561.4 344.89 (11.69) 516.26 538.89 ( - ) 607.97 298.43 (12.53)
Values in table are determined graphically by calculating slope of linear part of curve and is given as 
Mean yg STX/ 100 g meat (- S.E.M. for n= 4). Values determined by scan are calculated from area under 
fluorescence curve using Gelman planimeter. A (-) indicates no result calculated.
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mouse bioassay and solution fluorometry is achieved with fluorescence 
scans and calculation of the toxicity from the area under the emission
peak. The calculation of toxicity by areas is applicable at low as well
as at high toxicity levels. Determination of toxicity by area under 
the fluorescence peak necessitated that the concentration of extract 
selected for the fluorescence reaction and emission scan be one that was 
on the linear portion of the concentration vs. fluorescence curve.
In all cases, 0.5 or 0.3 ml of HCl extract and 0.5 or 0.3 ml of 1:10
diluted methanol extract was adequate to produce the values in Table 16.
No matter what method was chosen to quantitate the toxicity from fluores­
cence, the measurement of a blank was necessary. Bates and Rapoport have 
reported that the unoxidized blank corresponded to 0.02 yg STX/ g 
shellfish for S^. giganteus and higher for M. californianus and clams 
subjected to prolonged cold storage (98). The blank values of M. 
arenaria corresponded to 0.074 and 0.118 yg STX/ g shellfish in the 
HCl and methanol extracts, respectively. The values were higher, 0.195 
and 0.24 yg STX/ g shellfish, for HCl and methanol extracts, respectively, 
of M. edulis. The higher blank values in these assays may be attributed 
to the different species of shellfish, as well as the different species 
of toxic microorganism.
D. Sample Clean-Up
1. TLC Methods. In situ TLC fluorometry, as well as visual location 
of toxic components of HCl and methanol extracts, was hampered by the 
presence of interfering substances because they moved in the pyridine 
solvent system (B) with the toxins and often caused streaking. In an 
attempt to wash away the interfering substances prior to toxin separation,
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several preparatory solvent systems were attempted. Ethyl acetate: 95% 
ethanol (1:1, v/v) development shows the movement of the interfering 
substances away from the origin (Figure 28). When followed by the pyridine 
solvent system (B), no difference between toxic and non-toxic extracts 
is seen when compared to the of 0.58 for STX visualized in the same 
TLC system. A preparatory solvent of ethanol increases separation in 
the pyridine system (B) , as shown in Figure 29. There appears to be a 
spot of R^ of 0.73 in the toxic sample, but it is faint and its R^ 
different from STX. The interfering substances of the crude toxic extract 
may be slowing the movement of the toxic component and obscuring it in 
the streak, which is of highest intensity. Preparatory solvents of 
ethyl acetate or benzene did not move any materials away from the origin 
and, as expected, the development in the pyridine solvent system (B) did 
not show any difference between the toxic and non-toxic samples at the 
STX R^. Absolute methanol as the preparatory solvent is shown in Figure 
30. The methanol washes interfering substances away from the origin, 
but the separation is not enough to note any difference between the toxic
and non-toxic samples at the STX R^.
As chromatography in both solvents in the same dimension did not 
produce efficient separation and location of the toxin, two dimensional 
chromatography was attempted. It was expected that the first dimension, 
with the preparatory solvents described above, would result in the toxin 
remaining at the origin and that it would move in the pyridine second 
dimension to R^ values of 0.62, 0.76, and 0.83 for STX, Major Toxin L,
and Major Toxin H, respectively. The separation in the first dimension
with either ethyl acetate: 95% ethanol (1:1, v/v) or 95% ethanol was not 
sufficient to remove interfering substances for the second dimension and
Figure 28. TLC of (1) 0.15 yg STX, (2) 4X Non-toxic M. arenaria, and 
(3) 4X Toxic M. arenaria HCl Extracts.
A. Ethyl acetate: 95% Ethanol (1:1, v/v) to 17 cm.
B. System A. to 17 cm followed by Pyridine System (B) 
to 15 cm.































Figure 29. TLC of (1) 0.15 yg STX, (2) 4 A Non-toxic M. arenaria, and 
(3) 4 A Toxic M. arenaria HCl Extracts.
A. 95% Ethanol to 17 cm.
B. System A. to 17 cm followed by Pyridine System (B) 
to 15 cm.




























Figure 30. TLC of (1) 0.15 Pg STX, (2) 4A Non-toxic M. arenaria, and 
(3) 4A Toxic M. arenaria HCl Extracts.
A. Methanol to 17 cm.
B. System A. to 17 cm followed by Pyridine System (B) 
to 15 cm.





























resulted in streaking from the origin to of 0.72. Two dimensional 
chromatography with methanol in the first dimension facilitated separation 
in the second dimension, but there was no difference in the second 
dimension between the non-toxic and toxic samples. These results 
suggested that some of the interfering substances were of intermediate 
polarity so that some were moved in the first dimension by solvent polar­
ities, e°, of approximately 0.6 to 0.95 in the elutropic series (123).
Other interfering substances probably were not moved in the first dimension 
so that the toxin movement in the second dimension was affected, as 
suggested by the R^ values less than the toxin. The addition of STX to 
the crude extracts illustrated that toxin did not move in the first dimen­
sion as no additional spots or spots of greater intensity were viewed.
Thus, the chromatography methods described here did not prepare the crude 
extract for any in situ TLC fluorometry as was possible for partially 
purified toxin mixtures by the method of Buckley ejt al. (60).
1_. Column Chromatography. The elution profile of the 4.8 ml 
fluorescent sample of the solution assay from Amberlite IRC-50 column 
showed a peak in fluorescence intensity with each solvent change, 0.2 M 
pH 5.0 sodium acetate buffer, distilled water, 0.5 M acetic acid, and 
0.5 M HCl. The elution of fluorescent sample from the Bio-Rex 70 
column, of larger pore size than the Amberlite IRC-50, also showed peaks 
of fluorescence intensity whenever the solvent (sequence as above) was 
changed. When the volume of 0.2 M pH 5.0 sodium acetate buffer for initial 
elution was increased to 50 ml, there was no improvement and peaks of 
fluorescence intensity still were eluted with each solvent change.
A column was equilibrated with 0.2 M pH 7.0 sodium phosphate buffer, and 
the sample eluted with 30 ml 0.1 M pH 7.0 sodium phosphate buffer, 25 ml
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distilled water, 4.0 ml 0.5 M pH 7.0 sodium phosphate, and 0.5 M HCl.
Peaks of fluorescence intensity occurred after each solvent change as 
before,but the intensities were less than with the column equilibrated 
with sodium acetate buffer, pH 5.0. It appeared that the 4.8 ml sample 
volume was overloading the column. Decreasing the sample volume to 2.4 
ml resulted in less fluorescence intensity being eluted in the first 
fractions, but the elution of peaks of fluorescence intensity still 
followed each solvent change. pH measurements of the fractions suggested 
that abrupt changes in pH may be causing these peaks of fluorescence 
intensity.
To effect stronger binding of fluorescent sample to the resin, 
the sulfonic acid type resin, Dowex AG 50W-X4, was tried. Previous 
reports have indicated that the Atlantic Coast PSP toxins v£re only weakly 
bound to carboxylic acid resins (£•£« Amberlite IRC-50) (4, 8, 10, 54, 55) 
and the results reported here indicated that the alkaline H2O2 oxidation 
product of STX behaved similarly. As with the other columns, the abrupt 
changes in pH with solvent changes, 0. 2 M pH 5.0 sodium acetate buffer, 
distilled water, 0.5 M acetic acid, and 0.5 M HCl, produced several peaks 
of fluorescence intensity. The elution with the aid of a pump smoothed 
out extraneous fluorescence peaks and showed possible differences between 
toxic and non-toxic samples in the fluorescence intensity peaks of water 
elution. The Bio-Rad polypropylene Econo-Column was not as efficient as 
the glass Pasteur pipette column in that there was a reduction of peak 
intensity with the first elution solvent and an absence of any peak of 
intensity with water, 0.5 M acetic acid, and 0.5 M HCl. The fact that 
approximately half the fluorescence intensity was lost and nothing more 
was eluted with strong acid suggested that the fluorescent sample was
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binding to the polypropylene column.
Elution of a Dowex AG 50W-X4 column with 30 ml 0.01 M pH 5.0 
sodium acetate buffer does not elute the STX fluorescent product, as 
shown in Figure 31, but elution with 0.05 M pH 5.0 sodium acetate buffer 
elutes the fluorescent STX derivatives. It was found that reproduc­
ibility of the elution profile was improved if both the sodium acetate 
buffers were diluted from 0.1 M and 0.5 M pH 5.0 sodium acetate buffers 
prior to use.
Several concentrations of the STX fluorescent product were 
chromatographed to obtain a relationship between peak heights of fluor- 
excence intensity and STX concentration. As the blank did not vary with 
concentration, one blank value is shown in Figure 31. The standard 
curve in Figure 32 is calculated from the sum of the heights of the 
three peaks with the blank value at that fraction subtracted. The slope 
of 0.039 yamps/ yg STX was applied to shellfish samples in which 0.5 ml 
extract was used for the oxidation reaction. Although the heterogeneity 
of the toxins from Atlantic Coast bivalves was demonstrated, it was 
reported that STX, GTX-II, and GTX-III constituted more than 70% of the 
total toxicity (63). Buckley et^  al. have demonstrated in a medium 
pressure liquid chromatography system that STX and GTX-II were almost 
identical in toxicity-fluorescence responses and have expressed toxicity 
as the amount of GTX-II (97). The expression of toxicity in terms of 
STX in this report was based on the need to compare the results to the 
mouse bioassay determination of STX content, the ability to expand the 
method to extracts other than shellfish extracts, and the ability to use 
the method to determine the toxicity of extracts stored in acid medium 
for long periods of time, a process that destroys all toxins except
Figure 31. Elution of ^ 5 yg Oxidized STX, (-0-) 1.0 yg Oxidized
STX, and (•+') Blank from Dowex AG 50W-X4 Column.
A. 30 ml 0.01 M pH 5.0 Sodium Acetate Buffer.
B. 90 ml 0.05 M pH 5.0 Sodium Acetate Buffer.
C. 25 ml 1.0 M HCl.



































The estimated sensitivity of the column assay was approximately 
0.02 yg STX, or one fourth that of the tube fluorometric assay. However, 
the ability to remove the interfering substances from the STX fluorescence 
made the column assay applicable to highly pigmented samples. The 
reproducibility of the sum of the peak heights was ^ 7.34% (S.E.M.); and 
by subtracting a blank, it was possible to record 0 yg STX/ 100 g shellfish.
The development of the column assay was designed to eliminate the 
interference in highly pigmented crab samples. The applicability of 
the column assay to crab samples is shown in Table 17. In each case, 
one blank was run for each tissue type as it was found that the blank 
did not vary more than 10% between samples. In the experiments where 
toxin was measured by the mouse bioassay, the column assay estimates the 
toxin content to within ^ 20% of the bioassay. The steamer juice is 
overestimated as shown by the control value of 24.76 yg STX/ 100 g meat.
As reported previously, the crab toxin was identified as STX and STX 
was implicated as one of six toxins isolated in a bloom of Gonyaulax sp. 
in Japan and in the mussels (Mytilus sp.) and clams (Tapes japonica) 
infested with the toxin (64, 65, 67). This study has suggested that the 
crab's, Cancer irroratus, laboratory consumption of toxic Mya arenaria 
could be monitored by a column assay. The exoskeleton and appendage 
muscle have been implicated as the areas containing the largest 
amounts of toxin (24, 25). The accumulation of toxin is most pronounced 
in the hepatopancreas and the total toxin in the crab shows that the 
peak of toxicity occurs after four to six weeks of toxin ingestion, after 
which the concentration drops to the control concentration. Research on 
the sensitivity of crabs to STX indicated that the crabs were sensitive to
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TABLE 17.
Comparison of Crab Toxicity Quantitated 









I - 2 31.52 39.49 11.26 10.13 92,31
(<40) ( <40) (<40) (<40)
II - 4 117.06 1.13 0 38.27 156.46
(115.6) (<40) ( <40) (<40)
III - 6 47.28 0 36.02 37.14 120.54
( 60.72) (<40) (<40) (<40)
IV - 8 5.46 1.13 0 12.38 29.27
(<40) ( <40) (<40) (<40)
V - 10 0 2.25 0 0 2.25
(<40) (<40) ( <40) (<4P)
VI - 2 0 33.77 0 28.14 61.14
(<40) (<40) (<40) (<40)
VII - 4 6.75 5.63 0 6.76 19.14
(<40) (<40) (<40) (<40)
VIII - Control0 1.13 0 0 24.76 25.89
(<40) (<40) (<40) (<40)
aValues in table are yg STX/ 100 g mhat for cdlumn assay (yg STX/ 100 
g meat for mouse bioassay).
kCrabs were fed toxic Mya arenaria for the number of weeks listed; 
dissected; toxin extracted. Reference 124.
p
Control crabs were fed fresh, non-toxic Mya arenaria.
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injection of toxic extracts into the body cavity and that the heart 
activity was blocked in diastole (125). Passage of PSP through the food 
chain to the crab (in the laboratory) was shown to be possible and 
concentrations less than 40 pg STX/ 100 g meat were detected by the 
column assay fluorometric procedure.
Table 18 shows the column assay procedure applied to a study of the 
ingestion of toxic M. arenaria and the incorporation of STX in the lobster, 
Homarus americanus. Extracts of non-toxic and toxic M. arenaria and M. 
edulis assayed by column fluorometry are shown in Table 18. The advantage 
of being able to detect toxin in concentrations less than the mouse bioassay 
limit is apparent. The method has not been applied to fresh bivalve samples 
of very high toxicity because of their unavailability.
3_. Molecular Filtration. The desire to remove interfering pigmen­
tation by means other than chromatography was attempted using the 
Millipore 10,000 molecular weight filter. Table 19 illustrates that 
molecular filtration using a 10,000 molecular weight exclusion filter does 
not separate all of the pigment from the shellfish toxin and the filtrate 
in most cases contains less toxin than the original extract. Several 
explanations were plausable: (a) the remaining pigmentation in the
filtrate was quenching the STX fluorescence; (b) the toxicity was lost due 
to incomplete filtration; (c) concentration of the toxic fractions led 
to destruction of some of the toxin. The 372 molecular weight of STX 
suggested that a smaller filter might be useful in separating the pigment. 
For routine analysis, however, the 10,000 molecular weight filter was 
ineffective for shellfish HCl or methanol extracts, and the filtration, 
washings, concentration, and fluorometric analyses were time-consuming if 
a rapid method of detection was needed. The method may prove advantageous
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TABLE 18.
Comparison of Toxin Quantitation by 
Mouse BiOaSSay and Column Fluorometry
Extract yg STX/ 100 g meat




Muscle < 40 2.25
Leg (Shell and Muscle) < 40 21.39
Shell (Abdomen and 
cephalothorax)
< 40 21.39
Steamer Juice < 40 17.51
M. arenaria













Toxicity by Solution Fluorometry After 














HCl Extract yellow 267.21 561.40
M. edulis 





1.0 mg dry/ 
ml H2P clear 606.92d 937.20d
1.0 mg dry/









Assay of 1.0 ml for each sample and blank; yg STX/ 100 g meat. 
bMouse bioassay before filtration; yg STX/ 100 g meat. 
cDiluted 1:10 before filtration 
dToxicity expressed as yg STX/ g dry wt.
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to achieve the partial purity necessary for the in situ TLC fluorometry 
described by Buckley at al. (60).
12. Aphanizomenon flos-aquae Fluorometry.
Similarities between STX and Aphanizomenon toxin has been reported
previously (70, 71). The behavior of Aphanizomenon toxins oh TLC with
H O  location has been reported, with STX, and Aphantoxins 1, 2, and 3 
 ^2
having values of 0.60, 0.82, 0.72, and 0.48, respectively, and 
being present in the ratio of 10: 6: 49: 5.5 MU/ 100 MU total (71).
The suggestion of a STX component in A. flos-aquae extract led to the 
application of alkaline oxidation conditions as used for STX.
The spectrum for the solution fluorometric product of this 
blue-green algal toxin (Figure 33) shows that upon excitation at 330 nm an 
emission peak of 380 nm is observed, similar to STX fluorescence. The 
temperature-time curve for HCl extracts of toxic A. flos-aquae shows 
fluorescent reactions similar to STX.The 0°C time curve in Figure 34 
shows a continual increase in fluorescence intensity of Aphanizomenon 
toxin. The 24°C curve shows an initial peak at 3 min, as in the STX 
curve, but the 20 min peak of STX occurs at 50 min with Aphanizomenon 
toxin and is followed by decomposition. The very intense 30 sec peak of 
STX at 60°C is about three times more intense than the similar Aphaniz­
omenon peak at 60°C. Finally, the intensity at 100°C has decreased about 
50%. In all the temperature curves, the extract of non-toxic Aphanizom­
enon did not show any fluorescence activity suggesting that a STX-like 
toxin in Aphanizomenon, not non-toxic components in the extract, was 
responsible for the temperature-time profile. The variations of the 
Aphanizomenon temperature-time curve from those of STX may be due to the
Fluorescence Scans of A. 1.00 yg STX, Range 0.30 and B. 1.00 
ml Extract A. flos-aquae Containing 1016.4 yg STX/ g dry wt., 
Range 10.
Excitation = 330 nm, Emission Scan = 100 nm/ min, Slit 




































Figure 34. Effect of Time of the Oxidation Reaction on Fluorescent
Reaction of 0.5 ml A. flos-aquae HCl Extract, 693 pg/ g dry wt.
(•A.) 0°C, H )  25°C, (•— ) 60°C, and (-0-) 100°C.
Excitation = 330 nm, Emission = 380 nm, and Slit Widths = 






















presence of other toxins, as suggested by TLC, which may have structures 
similar to STX and, therefore, may exhibit similar fluorescence behavior. 
The Aphanizomenon fluorescence was more temperature-sensitive than 
the STX fluorescence. The inability to extract consistently the Aphan- 
izomenon toxin free from the fluorescing pigments made it difficult to 
quantitate the toxicity using the solution fluorometric technique.
In column chromatographic procedures for determining toxin content, 
the blue-green pigments were bound more strongly than the toxin and 
the eluted toxin fluorescent derivatives were calculated from the STX 
column standard. The quantitation of toxicity, as seen in Table 20, 
received only limited study. The similarities of the Aphanizomenon toxin- 
elution profile and the STX-elution profile, as well as the dorres- 
pondence between the calculated toxicity and the mouse bioassay, suggested 
the applicability of the column chromatographic assay. The observation 
of a difference in peak heights of fluorescence intensity between the 
toxic and non-toxic extracts further suggested the use of the assay. Other 
methods to extract toxin from A. flos-aquae cells, such as freeze-thawing 
techniques, did not produce an extract that could be quantitated by 
the column fluorometric procedure. This suggested that the toxin was 
still bound to a molecule that affected its elution from the column. The 
constant interference from pigmentation suggested the possibility of the 
toxin being present in the cyanophycin granules, believed to be the sites 
of nitrogen reserves in Aphanizomenon cylindrica (126). The inability to 
extract consistently the Aphanizomenon toxin free from pigments by freeze- 
thawing suggested that the freeze-thawing may only be breaking the algal 
cells but not releasing the toxin as HCl extraction appeared capable of 
doing. The column chromatographic fluorometry of Chlorella pyrenoidosa
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TABLE 20.
Comparison xaf Quantitation of Aphanizomenon 
Toxicity by Mouse Bloassay and Column Fluorometry
Sample up STX/ b  drv wt
Mouse Bioassay Column Fluorometry
A. flos-aquae
HC1 Extract < 40 14.07
HC1 Extract 693.00 798.94
C. pyrenoidosa
HC1 Extract < 40 2.82
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(UNH strain) confirms the binding of the fluorescent pigments to the 
resin and shows that HC1 extraction is not yielding components to 
interfere with toxin detection.
Separation of the pigments from the toxin by molecular weight 
filtration (Table 19) appears to be more successful with the Aphanizomenon 
than with the shellfish. However, the calculated toxicity of the 
filtrate is less than the mouse bioassay in all the samples. HCl and 
water extractions appear to show the closest correlation to the mouse 
bioassay. The low values of toxicity may be due to incomplete filtration, 
as well as quenching, in the case of the HCl extract. Whatever the 
technique, it appealed that any quantitation of Aphanizomenon toxin by 
fluorometry necessitated the removal of the blue-green pigments. The 
application of these column and filtration procedures to additional 
samples is needed to ascertain if the procedures are truly applicable 
to the quantitation of A. flos-aquae toxin.
IV. SUMMARY
Bates and Rapoport have reported the development of a solution 
fluorometric assay for jG. catenella toxin that was 100 times more sensitive 
than the standardized mouse bioassay (98, 99). Comparison of methods 
for detection of STX and Major Toxins L and H on TLC showed that fluoro­
metric techniques were more specific and 100 times more sensitive than 
many of the guanidine colorimetric reactions (Table 2). The fluorometric 
detection sensitivity was also greater than that of various other spray 
reagents (Table 4).
The use of the Farrand MK-1 Spectrofluorometer for fluorometric 
analysis enabled determination of a true fluorescence spectrum with a 
correction factor of + 4 nm, constant excitation and emission maxima for 
concentrations of 0.005 to 10 yg/ ml quinine sulfate, and variation of 
maximum fluorescence intensities of less than 0.5 yamps. The lower limit 
of linearity for the 5-10 nm slit arrangement (Figure 5) was approximately 
5.5 x 1 0 yg/ ml quinine sulfate and the figure of merit was 5.0 x 10-  ^
yg/ ml quinine sulfate.
The development of a STX fluorescence reaction in this laboratory 
by alkaline hydrogen peroxide oxidation followed by acidification 
produced a fluorophor with 332 nm excitation, 381 nm emission, and 235.5 nm 
absorbance maxima. The widest range of concentration for which the
_3
excitation and emission maxima were constant was 3.91 x 10 yg STX to at 
least 2.0 yg STX. The calibration curve with the 5-10 nm slit arrangement 
(Figure 10) had a lower limit of 0.005 to 0.01 yg STX. Dilutions of STX 
in water and 0.1 N HCl produced similar fluorescence intensities .
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Comparison of the STX fluorescent reaction developed In this 
laboratory with the modified method developed by Bates and Rapoport (98) 
indicated that the STX dilution solvent produced significant differences 
in the latter method, but that the sensitivities of both were comparable. 
Other fluorometric methods such as o-phthalaldehyde condensation (113) or 
NaOH-produced fluorescence (112) did not produce a linear STX- concentration' 
fluorescence relationship.
The exposure of the STX fluorophor to outside light showed the 
necessity of measuring the fluorescence intensity within 90 min after the 
addition of acid. The sensitivity of the oxidation reaction to light 
was reduced by carrying out the reaction in the dark and the final 
fluorescence intensity measured within 60 min after acid addition. The 
fluorescence intensity measured was optimal using pH 12.0 or approximately
0.7 N NaOH in the oxidation step and acidifying after the oxidation to 
pH 4.5 with acetic acid. The time and temperature of the oxidation 
reaction showed that room temperature oxidation was optimal in terms 
of fluorescence intensity and stability after 20 min incubation. Figure 
22 showed that after acidification, the fluorescence intensity was 
optimal at 25°C after room temperature oxidation. High concentrations 
of H2O2 in the oxidation step produced an inhibitory effect on the 
fluorescence intensity and 2.5% H produced the optimal fluorescence 
intensity. Ions, proteins, and purines may affect the fluorescence 
intensity of the STX fluorophor, and the introduction of extraneous 
compounds may cause a multiplicity of effects on the solution fluorometric 
assay.
The emission maxima of the HCl and methanol extracts of clams,
Mya arenaria, and mussels, Mytilus edulis, may vary due to the amount
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of Interference caused by the pigmentation in the extracts. Applying 
the fluorescence intensities to the standard curve, the quantitations of 
toxin contents in the clam and mussel corresponded with the standard 
mouse bioassay to within i 20% (Table 16). The solution fluorometric 
assay detected levels of toxicity less than the lower limit of the 
mouse bioassay, 40 yg STX/ 100 g meat.
The removal of pigmentation by TLC of the crude extracts was 
not adequate to produce concise spots for the toxins separated from 
interfering components. Molecular filtration, with 10,000 molecular 
weight exclusion (Table 19), removed some of the pigmentation but 
usually resulted in the loss of some of the toxin content.
Column chromatography of the fluorescent product on a strong 
cation exchange resin generated a STX-fluorescence peak height response 
curve (Figure 32) that was sensitive to 0.02 yg STX. Using the response 
curve to determine the toxin content in shellfish, Crustacea, and algae 
extracts, the column quantitation of toxin in these sources showed 
levels of toxin comparable to the mouse bioassay. The sensitivity of 
the procedure was noted particularly in the crab, Cancer irroratus, 
experiments (Table 17). This illustrated the accumulation of toxin,with 
laboratory feeding, in the hepatopancreas and the detection of concentra­
tions less than those quantitated by the mouse bioassay.
The molecular similarity between the J3. tamarensis toxins and
A. flos-aquae toxins (70, 71) was strengthened by the observation that 
the alkaline hydrogen peroxide oxidation of Aphanizomenon toxin extracts 
produced a fluorophor with 330 nm excitation and 380 nm emission maxima 
(Figure 33). The fluorophor, however, appeared to be more sensitive to 
temperature and reaction duration than the STX fluorophor. Column
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chromatography of the fluorophor showed an elution profile similar to the 
STX fluorophor and enabled calculation of extract toxicity with results 
comparable to the mouse bioassay (Table 20).
The data suggested that solution fluorometric assay was a 
sensitive method for determining the toxin content in shellfish extracts. 
The removal of interfering substances by the application of the 
fluorophor to column chromatography allowed for the quantitation of toxin 
in STX-containing extracts as well as extracts containing STX-related 
toxins. The sensitivity of a fluorometric assay detected levels less 
than those of the mouse bioassay.
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APPENDIX I. MK-1 SPECIFICATIONS
Two Czerny-Turner type monochromators-.
Spectral Continuum (220-700 nm). 
Calibrated in 5 nm increments.
Settings accurate to 2 nm.
f/3.5 optical system.
Free 46 mm aperture.
Grating of 14,400 lines/ in.; same 
on each monochromator.
Variable 10-300 nm/ min or 5-50 nm/ in.
Interchangeable with equivalent 
bandwidths of 5 and 10 nm.
First order, 10 nm/mm.
Scatter less than 1% throughout 
spectral range.
150 W; d.c.; Xenon Arc.
Holds one square or round cell of 
variable internal dimensions.




2% correspondence between ranges, 
or
Strip chart recorder (Sargent-Welch 
Model XKR) 100 mV span at variable 
chart speeds 0.05-20 cm/ min.
Signal output to MK-1 of 100 mV.
Photomultiplier tube IP28.
Maximum spectral response 340 nm. 
Current amplification 1.25 x 10 .
Lamp power supply 115 v, a.c..
After ignition 20 v, d.c.. 
Photomultiplier output 900 v, d.c..
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APPENDIX II. THE DEVELOPMENT OF AN INTERNAL
STANDARD AND THE DETERMINATION OF 
THE QUANTUM YIELD OF STX FLUOROPHOR
A, Introduction
In the absence of STX, it would be advantageous to have a readily 
available substance that could be used to calibrate the fluorometer with 
respect to the fluorescence intensity given by the STX alkaline H2O2 
oxidation reaction. The feasibility of purine bases and derivatives as 
such internal standards was investigated. The base derivatives 2,6- 
diaminopurine and 2-dimethylamino-6-hydroxypurine as well as tyrosine, 
tryptophan, phenylalanine, and quinine sulfate were used as standards 
for the calculation of the STX fluorophor quantum yield.
IJ. Materials and Methods
1^. Fluorescent Properties of Some Amino Acids and Purines. 5.0 yg/ 
ml solutions of DL-tryptophan, L-tyrosine, DL-phenylalanine, 2,6-diamino- 
purine, and 2-dimethylamino-6-hydroxypurine were prepared in 0.1 N NaOH 
(pH 13), 1.0 N NH40H (pH 11), 0.1 M P04 buffer (pH 7), 0.1 N H2S04 (pH 1), 
or 5N H S04. The absorption, excitation, and fluorescence maxima as a 
function of pH were studied. Comparison of the fluorescence intensities, 
solvent reagent blank subtracted, with a standard solution of tryptophan, 
0.1 yg/ ml in 0.1 M P04 buffer (pH 7),determined the relative fluorescence 
intensities as a function of pH (1).
The fluorescence intensities at 344 nm for the solution of 2,6- 
diaminopurine in 0.1 M pH 7 P04 buffer excited at 289 nm and at 360 nm 
for solutions of 2-dimethylamino-6-hydroxypurine in 1.0 N NH4OH excited
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at 295 nm were measured. The plot of yg/ ml base vs. yamps gave the lower 
limit for each base standard as well as the slope which could be related 
to the slope of the STX standard curve to calculate thevygSTX/ yg base 
derivative.
2_. Quantum Yield. The quantum yield of the base derivatives by 
comparison of the fluorescence intensity with the intensity of a glycogen 
solution was attempted (2), 1.0 mg/ ml solutions of glycogen, tyrosine,
tryptophan, phenylalanine, and 2,6-diaminopurine in distilled water, 
pH 6,5-7.0, as well as 2-dimethylamino-6-hydroxypurine in 1.0 N NH^OH, 
pH 11, were diluted in the solvent and the optical density of the 
solutions at 253.7 nm plotted vs. the product of the signal from the 
photomultiplier (sample minus solvent blank) due to 275 nm excitation 
and 345 nm emission and the sample concentration. Since:
Quantum Yield = ^Quanta emitted 
Quanta absorbed
and the optical density desired was 0.1 units or less, the slope between
0.02 and 0.09 absorbance units was calculated and divided by the slope 
of the glycogen curve to obtain quantum yield, q, which when based on 
tyrosine having a relative quantum yield, qr, of 1.00 yielded qr for 
each compound.
The quantum yield for the base derivatives were also calculated 
by the following equation (3, 4):
$x “ $s x ^
where $ is quantum efficiency, A is absorbance and F is the area under 
the fluorescence spectrum for x, the unknown, and s, the standard.
5.0 yg/ ml tryptophan, tyrosine, phenylalanine, quinine sulfate, 2,6- 
diaminopurine, and 2-dimetliylamino-6-hydroxypurine were prepared at the
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pH and solvent determined previously. The absorbances at the absorbance 
maxima were measured and fluorescence scans at the emission maxima were 
prepared. The fluorescence spectra were corrected and the area under the 
corrected spectra determined with a planimeter (Gelman Instrument Co.). 
Using tryptophan as a standard, = 0.20, the quantum yields of the 
remaining samples were calculated and compared to available literature 
values.
The quantum yield of the STX fluorescent product was determined 
by six different calculations using each of the above compounds as 
standards in the equation. The absorbance at the 235 nm absorbance 
maximum and the fluorescence scan at 332 nm excitation was measured for
_ 3
7.81 x 10 jag STX. The area under the corrected fluorescence spectra 
was determined with a planimeter and substituted into the above equation-.
3_. Reporting Results. A method of standardization using the 
base derivatives was studied and compared with the calibration method 
of Bates and Rapoport utilizing the Raman peak of pure water (5). Standard 
solutions of (a) 1.0 yg/ ml 2,6-diaminopurine, pH 7, excitation 289 nm 
and emission 344 nm; (b) 1.0 yg/ ml 2-dimethylamino-6~hydroxypurine, 
pH 11, excitation 295 nm and emission 360 nm; or (c) Raman peak of 
double distilled water, excitation 330 nm and emission 371 nm were 
adjusted to give a deflection of 100 meter divisions (6).
After zero adjust was carried out, 0.5 ml extract was diluted 
to 2.0 ml with distilled water and the fluorescent product prepared as 
described above, Section D.3. and 4.. Dilutions of the final fluorescent 
product with water was made until the absorbance of the sample at 235.5 nm 
(Beckman DU-2 Spectrophotometer) was 1.0 absorbance unit or less. The 
fluorescence intensity of these dilutions were related to the standard to
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obtain toxicity as yg STX/ 100 g meat.
C. Results and Discussion
1^  Fluorescence Properties of Some AminO Acids and Purines. Table
1. (A II) shows the absorbance, excitation, and emission maxima of some 
amino acids and purines at various pH values. Using the excitation and 
emission maxima at each pH, the relationship between pH and fluorescence 
intensity was determined by assigning the fluorescence of 0.1 yg/ ml 
tryptophan in 0.1 M pH 7 PO^ buffer, 0.0153 yamps, a relative value of 
54 (1). This relationship and comparison to literature values are 
reported in Table 2. (A II). As expected, the purine derivatives are 
highly fluorescent and the intensity of 2-dimethylamino-6-hydroxypurine 
at pH 11 is even greater than that of tryptophan (1). The high relative 
intensities and the closeness of the emission maxima, 344 nm and 360 nm 
for 2,6-diaminopurine and 2-dimethylamino-6-hydroxypurine, respectively, 
to the STX emission maximum of 381 nm made them possibilities for internal 
standards. The results for these two bases in Table 2. (A II) also 
indicate that the behavior of these bases as reported in the literature 
are reproducible with the MK-1.
At the pH of maximum intensity, pH 7.0, the fluorescence at 344 nm 
for the base 2,6-diaminopurine excited at 289 nm was measured to establish 
the standard curve of Figure 1. (A II). The slope of this curve, 0.0286 
yamps/ yg/ ml base is equivalent to 0.3060 yg STX/ yg base. The lower 
limit of sensitivityfor this standard is 0.01 yg/ ml base or 0.02 yg base 
which is equivalent to 1.53 x 10-  ^yg STX. The same type of relationship 
is made between STX and 2-dimethylamino-6-hydroxypurine, pH 11, excited 
at 289 nm and emission measured at 360 nm. In Figure 2. (A II), the slope
TABLE 1. (A II)
The Dependence of Purine and Amino Acid Maxima on pHa
Compound PH Absorbance Maximum Excitation Maximum Emission Maximum
Observed Literature0 Observed Literature0 Observed Literature**
Tryptophan 5 N H SO _ — 285 317 _
I2 4 - - 275 - 340 -
7 280 278 284 275 342 345
11 - - 282 - 250 -
13 - - 285 - 355 -
Tyrosine 5 N HoSO, — _ 270 — 299 —
1 4 - - 274 - 305
7 265 272.5 269 275 300 303
11 - - 285 - 345 -
13 - - 290 - 322 -
Phenylalanine 5 N HoSO. — — 280 — 321 -
1 4 - - 253 - 280 -
7 202.7 257.4C 255 257 280 282
11 - - 319 - 375 -
13 - - 330 - 329 -
2,6-diaminopurine 5 N H?SO, _ — 296 _ 343 —
1 4 - - 282 - 340 -
7 275 280 289 300 344 360
11 - 292 - 340 -
13 - - 280 - 350 —
2-dimethylamino-6- 5 N H9S0, _ _ 348 — 410 —
hydroxypurine 1 4 - - 295 - 360 -
7 - 318 - 353 -
11 284 281 295 290 360 368
13 - - 290 - 360 -
Table 1. (A II) (cont'd)
^The absorbance, emission, and excitation spectra of 5.0 yg/ ml solutions were run and the maxima 
recorded in the table as nm. A (-) indicates no results observed or in the literature consulted.
^Reference 1.
cCRC Handbook of Biochemistry, p. B-18, 1968.
TABLE 2. (A II)
The Dependence of Purine and Amino Acid Fluorescence Intensity on pHa
Compound PH
(5 yg/ ml) 13 11 7 1 5 N H?S0/t
Tryptophan 1185.53 ( - ) 3347.29 ( - ) 2024.47 ( - ) 278.47 ( - ) 7.41 ( - )
Tyrosine 11.29 ( - ) 25.41 ( - ) 750.00 ( - ) 204.35 ( - ) 64.59 ( - )
Phenylalanine 0 ( ~ ) 11.65 ( - ) 21.53 ( - ) 11.29 ( - ) 11.29 ( - )
2,6-diaminopurine 42.35 ( 43) 204.35 ( 390) 904,94 (1400) 143.29 ( 210) 406.94 ( 230)
2-dimethylamino- 
6-hydroxypurine 1526.45 (2500) 9060.00 (7100) 0 ( 20) 458.12 ( 740) 17.65 ( 16)
aThe numbers in the table are the fluorescence intensities based on 0.1 yg/ ml tryptophan = 0.0153 yamps 
54. Values are reported as: Observed (Literature). Literature values from Reference 1. A (-) indicates
no result in literature consulted.
Figure 1. (A II), Calibration Curve for 2,6-diaminopurine, pH 7.0.
Excitation = 289 nm, Emission = 344 nm, and 
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Figure 1. (A II)
Figure 2. (A II). Calibration Curve for 2-dimethylamino-6-hydroxypurine, 
pH 11.0.
Excitation = 289 nm, Emission = 360 nm, and 





























of 0.4874 yamps/ yg/ ml base is equivalent to 5.2156 yg STX/ yg base and 
the lower limit of 0.005 yg/ ml base or 0,01 yg base approximates 1.3 x 
10“2 yg STX. Either base appeared to be suitable as a possible internal 
standard. The linearity of 2-dimethylamino-6-hydroxypurine curve, as 
indicated by the correlation coefficient, seems to be a slight bit more 
reliable than that of the other base. The reproducibility of the 
excitation and emission maxima for the hydroxypurine basewas better than 
the diaminopurine base, the excitation maximum standard error of the mean 
(S.E.M.) being 1.33 and 2.33, respectively, and the emission maximum 
S.E.M. being 0.67 and 1.20, respectively. In addition, the excitation 
and emission maxima of the 2-dimethylamino-6-hydroxypurine base were closer 
to those of STX. The high fluorescence of these two bases suggested that 
in the absence of pure STX solutions, a fluorometer could be calibrated 
with a known concentration of 2,6-diaminopurine or 2-dimethylamino-6- 
hydroxypurine so that the fluorescence intensities correspond to amounts 
of STX mentioned above.
2. Quantum Yield. The determination of quantum yield by the method 
of Teale and Weber compared the fluorescence intensity of the fluorophor 
with the intensity of a glycogen solution (2). Table 3 (A II) shows 
that the quantum yields for the amino acids have an error in q of 2.63,
4.3, and 15.6% for tryptophan, tyrosine, and phenylalanine, respectively. 
The error in q for 2-dimethylamino-6>-hydroxypurine is 98.4%. No literature 
value for 2,6-diaminopurine quantum yield is reported in Table 3 (A II).
The intensity of this base at neutral pH is- shown in Table 2 (A II) to 
be about one-half that reported for tryptophan. It was expected, then, 
that the quantum yield for this base would also be higher than the 
observed value, providing the quanta absorbed was minimal at 275 nm. This
191-
TABLE 3. (A II)
The Determination of Quantum Yield by 
Comparison to Intensity of Glycogen Solution5
Compound ' Slope*3 q ______ _____ qrc____________
Observed Literature® Observed Literature^1
Glycogen 3.04 x 10_1
Tryptophan 5.61 x 10"2
Tyrosine 6.66 x 10-2
-2
Phenylalanine 1.14 x 10
2,6-diaminopurine 3.40 x 10-3
2-dimethylamino- 
6-hydroxypurine 2.30 x 10”
0.185 0.19 0.845 0.92
0.219 0.21 1.000 1.00
0.038 0.045 0.174 0.23
0.011 - 0.050 -
0.0074 0.468 0.034
aA (-) in the table indicates no results in literature consulted. All 
solutions were in neutral water except 2-dimethylamino-6-hydroxypurine, 
pH 11.
^Slope (pamps x mg/ ml x absorbance units) determined from plot of 
absorbance of solution at 253.7 nm vs, yamps (275 nm excitation and 
345 nm emission) x sample concentration. Slope determined between 
absorbances of 0.02 and 0.9.




suggested that the determination of quantum yield by comparison to 
glycogen was not applicable to the guanidine derivatives and, therefore, it 
was not applied to the determination of the STX fluorophor quantum yield.
Table 4 (A II) illustrates the determination of quantum yield 
by use of standards wit;h known quantum efficiencies (quantum yields) 
and use of the absorbance of solutions,as well as areas under the fluores­
cence spectra according to the equation of Udenfriend and Zaltzman (3).
The reproducibility, as indicated by the standard error of the mean, of 
the quantum yields, as well as the correspondence with literature values, 
suggests that the quantum yield for the STX fluorophor, produced by 
alkaline oxidation followed by acidification, is 0.009 - 0.0003.
The value of the overall quantum yield for STX indicated that unlike the 
two guanine derivatives, the STX fluorescence was much less than that of 
tryptophan. Knowledge of the quantum yield has the potential of 
resolving possibilities that fluorescence of a solution is due to 
impurities (2).
3_. Internal Standard for Reporting Results. Bates and Rapoport have 
reported that the Raman peak of pure water corresponded to 0.017 yg STX/ 
g shellfish and could be useful as a fluorometer calibration method (5). 
With the MK-1, the Raman peak of water was 0.002 yamps which would 
correspond to 0.015 yg STX/ g shellfish. By using the Raman peak and 
setting the fluorescence intensity to 100 meter deflection, ji.js. adjust­
ment of zero control to 100% full scale, an HC1 extract of M. arenaria 
with a mouse bioassay of 171 yg STX/ 100 g meat was measured to contain 
211 yg STX/ 100 g meat. The use of the Raman peak of water for a tube 
solution assay required that the sample be sufficiently dilute so that 
fluorescence was proportional to concentration. The use of the Raman peak
TABLE 4. (A II)
The Determination of Quantum Yields by Comparative Method to Standards of Known Quantum Yields5
Compound Standard13 Xc S.E.M.d Literature %Error
A B C D E F
A. Tryptophan $s 0.25 0.26 0.24 0.23 0.25 0.25 5.0 X 10"3 0.19e 31.58
B. Tyrosine 0.17 s 0.22 0.19 0.19 0.20 0.19 8.0 X
-3
10 0 .21e 9.52
C. Phenylalanine 0.03 0.04 $s 0.04 0.03 0.04 0.04 2.0 X io-3 0.045e 1 1 . 1 1
D. 2,6-diaminopurine 0.09 0.11 0,11 $s 0.10 0.11 0.10 4.0 X 10-3 - -
E. 2-dimethylamino- 
6-hydroxypurine 0.40 0.52 0.54 0.48
*» 0.50 0.49 2.4 X 10“2 0.46f 6.50
F. Quinine Sulfate 0.45 0.58 0.59 0.54 0.51 $
s
0.53 2.5 X io-2 0.5§f 3.64
G. STX Derivative® 0.008 0.008 0.01 0.009 0.009 0.009 0.009 3.0 X 10"4 — —
a
_ Ao F„
®x - x -p x used to calculate quantum efficiency,
s x
^Standard represents the compound used as Ag, and Fg. The letters (A, B, C, D, E, and F) refer to the 
compound represented in the far left column. The numbers in the table refer to the $x determined with each 
standard.
CX is the mean value,
dS.E.M. is standard error of the mean for n = 5 (n = 6 for saxitoxin derivative).
eReference 2
Table 4. (A II) (cont'd)
^Reference 1.




as a standard as it was described by Bates and Rapoport would be useful 
in their unmodified procedure, that using a Bio-Rex 70 column, as the 
interfering substances would be removed.
The base standards 2,6-diaminopurine and 2-dimethylamino-6- 
hydroxypurine were used in the standardization procedure involving zero 
adjustment to 100 meter deflection, adjustment with zero control to 100% 
full scale at the range setting for the particular base (6). Setting 
1 yg/ ml 2 6^-diaminopurine and 2-dimethylamino-6-hydroxypurine to 0.1 
and 1.0 yamps, respectively, at the excitation and emission maxima and 
the optimum pH for each base, produced varied results due to the turbidity 
and color of the extracts being measured. Sample absorbance produces a 
problem in fluorometric assays because, if the absorbance is too great, 
no light passes through the solution to cause excitation. In addition, 
if, at intermediate concentrations, light does penetrate but is unevenly 
distributed, fluorescence loss due to an inner filter effect results. 
Fluorescence is proportional to concentration where there is fluorescence 
but no significant absorption (7). As the wavelengths of maximum 
absorption and maximum excitation for the STX molecule appeared to be 
different, it was difficult to assess the absorbance which lowered the 
apparent fluorescence efficiency at 332 nm excitation using the absorbance 
maximum of 235.5 nm. Table 5 (A II) shows the results obtained for samples 
diluted to an absorbance of 1.0 or less at 235.5 nm. It appears that 
the selection of a standard influences the calculation of toxin content. 
With M. arenaria extracts, the 2,6-diaminopurine standard more closely 
approximating the mouse bioassay value than the other base, 2-dimethylam- 
ino-6-hydroxypurine, which generally overestimates the toxicity. With 
M. edulis, however, the 2,6-diaminopurine standardization generally
TABLE 5. (A II)
The Use of Internal Standards at 100 Meter Deflection 
For Determination of Toxin Content in Shellfish Extracts3
Sample Absorbance 
235.5 nm





M. arenaria 0.630 22.52 47.68 < 40
1.05 195.84 342.15 232.32
0.64 211.51 500.72 232.32
0.72 178.58 166.91 170.70
M. edulis 0.515 0 18.34 < 40
0.703 587.52 1356.08 1463.63
1.05 475.75 559.13 561.40
aValues in table are calculated from the fluorescence intensity and by accounting for the dilutions to 
obtain the absorbance recorded.
b1.0 pg/ ml in pH 7.0 PO^ buffer; excitation 289 nm; emission 344 nm.
cl-0 pg/ ml in 1.0 N NH^OH, pH 11; excitation 295 nm; emission 360 nm.
197
underestimates the toxicity. This type of standardization allowed for 
the preparation of one alkaline oxidized sample and blank for each
extract rather than the graphing of several dilutions or the need for a 
chart recorder and scanning emission monochromator to determine the 
toxicity by area as in Table 10.
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